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PREFACE TO THE FIRST GERMAN EDITION. 

The problems which are to be solved in the construction of 
apparatus for evaporating, condensing and cooling, are inti- 
mately connected with the laws of the transfer of heat. 
Although, generally speaking, these physical laws can be 
regarded as known, yet reliable knowledge of the practical 
coefficients, applicable in each of the many different cases, is 
often wanting. Without these coefficients the constructing 
engineer cannot work. Numberless experiments have been 
conducted by more or less competent observers to supply this 
want, but their results are scattered through the literature, 
were often obtained only for very special cases, and occasion- 
ally without regard to all the prevailing conditions. Many 
have been kept secret by their discoverers as valuable prizes. 
The very excellent work published by Professor Molier at 
the instance of the Verein deutscher Ingenieure in the Zeitschrift 
des Vereines deutscher Ingenieurey 1897, Nos. 6 and 7, in which 
the present condition of our knowledge of these relations is 
very clearly displayed, does not give figures directly applicable 
in practice, which indeed was not its object. , 

For this purpose new experiments on the large scale are 
necessary, which shall take into consideration all the working 
conditions, and, in particular, the absolute dimensions of the 
heating surfaces. Recently the Verein deutscher Ingenieure has 
turned its attention to this question. Its competence and 

^ ample funds permit us to anticipate the best success. 

j^ In the construction of evaporating and cooling apparatus 
other questions arise, which at present cannot be answered by 

J^A knowledge of the processes based on accurate and many-sided 
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IV PREFACE TU THE FIRST GERMAN EDITION, ■ 

reeearcbes — for example, as to the preSBiires exerted by rarefied] 
and compressed Rases and vapours on floating drops, the resist- 
ance due to the friction of rarefied vapours in wide pipes, etc. 

It is very desirable that these gaps should at once be filled! 
by orderly and rehabJe researches available for the requirements 
of the whole industry. 

But before these wishes can be fulfilled, all varieties of 
apparatus of this order must be built, and since to the author's 
knowledge there is no hook in which, so far as it is possible, 
most of the questions and conditions relating to evaporation (in 
particular, the chief dimensions of the apparatus and the effi- 
ciency to be anticipated) are treated in a. connected manner for 
practical purposes, an attempt to supply the deficiency has lieeH 
made in the following pages. 

In this task the generally available material, also very vain 
able communications from well-dispoaed friends, and, finall] 
the experience and experimental results of long practice, ha? 
been employed. 

It lies in the nature of the circunistancea indicated abo? 
that much of these explanations nmst have a hypothetici 
character, which the friendly reader must remember. 

Lack of time will often prevent an engineer who is no£ 
quite at home in this branch from seeking, by a long study of 
the hterature, the examples which are at once required, and from 
making long calculations. On this account, wherever it ap- 
peared advisable, tables have been introduced, which contain 
easily ascertained answers to certain definite questions arising, 
from many cases. These tables also have the advantage of 
affording a clear insight into the alterations produced by varia- 
tions in the data of the problem, which advantage constructord 
know well how to pri?:e. 

lu view of the extreme variety of the apparatus and machined^ 
used in the industn', the constant and rapid changes of its re- 
quirements, and also its rapid progress, a complete treatment of 
all possible cases cannot well be attained. 

The constant motive in writing this treatise has been the 
desire to provide as complete and reliable assistance as possible 
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PREFACE TO THE FIRST GERMAN EDITION. V 

for the solution of the problems of the construction and working 
of apparatus for evaporating, condensing and cooling. If this 
desire has not been quite fulfilled, the book will perhaps be 
regarded as a useful foundation for further endeavours. 

There now remains the pleasant duty of expressing thanks 
to all the friends who have helped to enrich the contents of this 
work by communicating the results of experience, and to the 
pubUsher for the worthy appearance of the book. 

THE AUTHOE. 

Berlin, August, 1899. 



PREFACE TO THE SECOND GERMAN 

EDITION. 

A SECOND edition of this work has become necessary in so 
short a time after the appearance of the first, that there has 
been no opportunity for extensive alterations 

Apart from small corrections, which arise in part from 
friendly criticisms, the present edition is an unaltered reprint 
of the first. May this also participate in the favourable reception 
oflfered to the former. 

THE AUTHOR. 

Berlin, Ai^ril, 1900. 



TRANSLATOR'S PREFACE. 

The need for a book of this nature, which is sufficiently 
indicated in the author's preface, is perhaps not less in 
England than in Germany. It may therefore be permissible 
to hope that the translation will approach the success of the 
original. A number of misprints contained in the German 
edition have been removed and the proof-sheets have been 
submitted to the author, who has made certain additions 
and corrections. I trust therefore that the book may be 
found reliable and accurate. 

A. C. WRIGHT. 

December, 1902. 
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MilU- 
metres. 


Inches. 


Metres. 


1 


•089 


-06 


2 


•079 


•07 


8 


•118 


•08 


4 


•157 


•09 


6 


•197 


•1 


6 


•286 


•2 


7 


•276 


•8 


8 


•815 


•4 


9 


•854 


•6 


10 


•894 


-6 


20 


•787 


•7 


80 


1^181 


-8 


40 


1-575 


•9 


60 


1-968 


1 



Deci- 


Centi- 


Milli- 


metres. 


metres. 


metres. 

1 


•6 


6 


1 
60 


•7 


7 


70 


•8 


8 


80 


•9 


9 


90 


1 


10 


100 


2 


20 


200 


3 


80 


800 


4 


1 *o 


400 


6 


' 50 


500 


6 


60 


600 


7 


70 


700 


8 


80 


800 


9 


1 90 


900 


10 


100 


1,000 



Inches. 



2362 
2-756 
8150 
8-543 
8-94 
7-87 
11-81 
15-75 
19-69 
28-62 
27-56 
81-50 
85-48 
39-37 



Weight. 

1 gr&mme = 16-44 grains. 
2&\ grammes = 1 oz. avoird. 
1 kilogramme =r 1,000 .. = 2^20 lb. avoird. 



If 



Lbnoth. 

1 metre = 100 centimetres = 39^37 inches. Roughly speaking, 1 metre = a 
yard and a tenth. 1 centimetre = two-fifths of an inch. 1 kilometre = 1,000 
metres = five-eighths of a mile. 

Volume. 

1 cubic metre = 1,000 litres = 35-82 cubic feet. 1 litre = 1,000 cubic centi- 
metres = -2202 gall. 

Heat. 

1 calorie =: 3-96 British thermal units. 



COMPAEISON BETWEEN FAHEENHEIT AND 
CENTIGEADE THEEMOMETEES. 



c. 


F. 


C. 


F. 


C. 


F. 


C. 


F. 


C. 


F. 


-25 


-13 


5 


41 


25 


77 


66 


149 


106 


221 


-20 


-4 


8 


46-4 


30 


86 


70 


158 


110 


230 


-17 


1^4 


10 


50 


85 


95 


75 


167 


115 


239 


-15 


5 


12 


58-6 


40 


104 


80 


176 


120 


248 


-10 


14 


15 


59 


45 


118 


85 


185 


125 


267 


- 5 


28 


17 


62-6 


50 


122 


90 


194 


130 


266 





32 


18 


64-4 


55 


181 


95 


203 


135 


275 


1 


38-8 


20 


68 


60 


140 


100 


212 


140 


284 



by 9. 



To Convert : — 

Degrees C. to Degrees F., multiply by 9, divide by 5, then add 32. 

Degrees F. to Degrees C, first subtract 32, then multiply by 5 and divide 



SYMBOLS AND CONTRACTIONS. 



c 

Cc 

c« 

Ck 



»♦ 



»f 



♦ > 



Atmo8. = atmospheres. 
ai = volume, in litres, of 1 kilo, of air. 
a = coefficient of expansion of air. 
B = height of the barometer in metres 

ot water. 
6 = height of the barometer in mm. of 

mercury. 

3 = the ratio - 

_ useful volume of the air-pump 

volume of vessel 
= calories. 

in condensing. 
„ heating. 
„ cooling. 
Ci = Ct + C, calories removed by air. 
C* = calories in evaporating. 
C/. C//, C/fft Ctr = losses of heat, in 
calories, by the elements of the 
quadruple-effect evaporator. 
c = total heat in 1 kilo, of water vapour. 
= heat in 1 kilo, of steam in 
the elements of the quadruple 
evaporator. 
Dia. = diameter. 
D = weight of steam, in kilos. 

= total weight of extra steam in 

the multiple evaporator. 
= diameter in metres. 
= diaaneter of the condenser. 
= thickness of a plate of metal, 
film, jet or drop of water, in 
mm. 

V, __ dead space 

J ~ useful volume 
the air-pump. 

= weight of extra steam, in kilos., 
withdrawn from the elements 
of the multiple effect evapora- 
tor. 

= weight of ice in kilos. 



^l» ^it ^31 ^4 



D, 

d 

8 



= the ratio 



of 



E 



V = 

F = 

Ft = 

F„ = 

G = 

9 = 

yd = 

yi = 

H = 

H =^ 

He = 

H, = 

Ht = 

H, = 

h = 

;* = 

//. - 

J = 

i = 

k = 

Av = 

kk = 

kt = 

k, = 

ki = 



kilo. 
L 



»♦ 



»» 



»f 



depth, in mm., to which heat 
penetrates into a body of water, 
weight of a liquid, in kilos. 

of the cold liquid. 

of the warm liquid. 

of a drop in kilos, 
aicceleration due to gravity. 

weight, in kilos., of 1 cubic metre 

of steam, 
weight, in kilos., of 1 c. metre of 

air. 
heating or cooling surface in sq. 

metres, 
height of the water- barometer, 
cooling surface for condensing, 
heating surface for warming, 
cooling surface for cooling, 
heating surface for evaporating, 
vertical height (fall) in metres, 
head of water, 
height of splash of evaporating 

liquids, 
space traversed by the piston of 

the air-pump, 
volume of a mass of water, in 

cub. mm. 
coefficient of transmission of 

heat, for 1 sq. m , 1 hour, 1° C. 
coefficient of transmission of 

heat in condensing, 
coefficient of transmission of 

heat in heating, 
coefficient of transmission of 

heat in cooling, 
coefficient of transmission of 

heat in evaporating, 
coefficient of transmission of 

heat between air and steam or 

water. 
= kilogram. 
= weight of air in kilos. 



'Xdl' SYMBOLS AND CONTRACTIONS. ^^^^H 


1 


= length in metras. 


(- 


= temperature at commenCMnSC 


I 


= „ □[ fall-pipe in metres. 




., end. 






1,1 


of steam. 




heat. 


h 


.. liquid. 


* 




'm 




min 


= millimetre. 


'/■ 


= teraperature of liquid at (he end; 




= number of holes id the per- 


t% 


„ the cold liquid. 




forated pUte. 


c 


hot ., 





— Burftwe in sq. metreE. 






,. of a maaa of water in 








aq. mm. 


tu 


= temperature of air at the end. 


P 


= pressure iii kilos. 


l« 


= mean temperature. 


P 


paraq. cm. 

of the atmosphere. 


l^ 


- temperature of the cold liquid tH 


P' 






P- 


= final preaaure in the vessel. 


II. 


- temperature of the cold liquid «) 


P' 


— pie»Eure in the air-pump iifter 




the end. 




n half strokes. 


(- 




P- 


= the lowest pressure which tLe 








air-pump can create. 


'n. 


tf 'v 'i- U = temperatures of (hi 


P. 


= pressure iu the air-pump after 




steam in the elements of tht 




equalisation of pressure. 




quadruple effect. 


P, 


= pressure in the air-pump after 








BJi infinite numher of nlrokes. 


u. 




y 


= section or plane surface in aq. 














1 


= section of a pipe in sq. cms. 




a drop of water. 




= percentage of solids iu a liquid. 




- mean increase in temperature oC 




„ r„ r, = poreenlagB strengths of 




a water surface (sheet). 




the liquor in the elements of 




= temperature diflerence. 




the quadruple eHeot. 


9- 






= percentage strength of the eva- 








porated liquid. 


a. 


= temperature diflerence at thi 


sq. 


eni. = square centimetre. 




end- 


»q. 








WJ. 




b1 






— spaee traversed b; a fal ling butlj' 










>■«> 




&( 


= specific grovitj of steam at con- 




cooling. 




stant pressure. 


e«, 




V 


= specific giavitj' of the liquid. 




differences in the elements oC 


«. 


= spooo ttaverBed by a drop under 




the quadruple cffect- 




the action of a force. 


V 


- (he residual weight of an evap»> 


«., 


~ apcKe traversed by a drop under 
the action of the force A 








v„ 






= specific heat of steam. 




Del of the air-pump. 




iee. 


V* 


= Tolumex of the steam in litres. 


»/. 


- a liquid. 


V, 


liquid ., „ 


"/i 


., ,. a second liquid. 


y,f 


steam and tiquil 








in litres. 


;. 


presBuro.' 
= specific heat of the cold liquid, 
, hot .. 


^ 


^ volume ol a vessel in litres. 
., „ the air. 
„ „ „ dead spaces ot tb 


'.' 


= oir at constant 

^ Absolute temperature. 


Iv 


= volume of water jo litres. 


T 


'; 


= velocity in metres. 




= temperature in "C. 






^_ 


-^ ^1 


, 



SYMBOLS AND CONTRACTIONS. 



XXlll 



tv 
W 
ic 



velocity of a liquid. 

«, ,, second liquid. 

„ the air. 

„ a drop. 

,, the water, 
weight of water in kilos, 
the weight of water evaporated 
by 1 sq. m. of heating surface. 



*i 



»» 



Z, 



X-i = 



=? loss of pressure of steam in pipes. 

^^ i» n »» »i a*" »i »» 

= time in hours. 

= ,, ,, seconds. 

= volumetric efficiency of the air- 
pump (adiabatic). 
volumetric efficiency of the air- 
pump (isothermal). 



CHAPTER I. 

THE COBPFICIENT OP TRANSMISSION OP HEAT, k, AND THE 
MEAN TEMPERATURE DIPPERENCE, e«. 

Thb unit of heat, the calorie, is the quantity of heat required to heat> 
1 kilo, of water through 1** C. The necessary number of units of heat,, 
or calories, in each case will be represented in what follows by the 
symbol C. 

The coefficient of transmission of heat is the figure which gives- 
the number of units of heat (calories) which pass in one hour from a ■ 
warmer to a colder fluid through 1 sq. m. of the partition (or of surface,, 
in case of direct contact) when the difference in temperature between 
the warmer and colder fluids is 1° C. This coefficient is represented' 
by k. Without a knowledge of this quantity the calculation of the 
necessary heating and coohng surface in any case is impossible. Its 
magnitude varies greatly in different cases, but unfortunately it has 
not been found for every case by exact experiment. It will be a part 
of our task to fix it for various conditions, according to known and 
reliable data or on the ground of the author's own observations, so far 
as the present state of knowledge permits. 

It is generally assumed that the transmission of heat between 

steam, gases and Hquids, through metal divisions, is proportional to 

the difference in temperature between the substances on each side of the 

hot surface. However, the temperature of the substances themselves 

is not always the same at all parts of the hot surface, for high pressure 

steam loses a portion of its pressure and temperature towards the end 

of the hot surface ; gases or Uquids in motion, heating or being heated, 

enter cold and leave hot. The differences in temperature, acting on 

one another, generally alter the temperature of one or both of the 

liquids under consideration. 

1 



EVAPORATING AND COKDENSING APPARATUS. 

In the calculation only one temperature can be used and that is tha 
mean; henoe it is necessary to ascertain what is the mean ditTerenoe 
in temperature in each case between the heating and the heated sub- 
stance. The mean temperature difference is not perhaps alwaj'S tbs 
ot the least and greatest temperature difference, that 



arithmetic r 




Fia. 1. 

*ia rather only to some extent oori'eot when the least tempei-atura 
difference is at least half as large as the largest. Thus, in general, tha 
arithmetic mean between the smallest and largest temperature differ* 

■enoes cannot be taken as the correct mean temperature difference. 




Let t^ denote the initial temperature, t„ the final temperature a 
the warmer liquid ; and t^ the initial, t„ the final temperature of thi 
«oIder liquid. Then four sepamte cases may occur: — 

1. The warmer liquid has the constant temperature '„ = t„ = I, 
and the colder liquid changes from t^^ to t,, (Fig. 1). 

8. The colder liquid has the constant temperature (h = '« = '* and 
the hotter liquid changes from t„ to i„ (Fig. 2). 



THE MEAN TBMPBBATURE DIFFERENCE. 3 

3. Both liquidB change in temperature ; they fiow parallel to one 
another over the two sides of the hot surface (parallel currents) ; 
t^ changes to („, and t^ to (^ (I^g. 3). 




4. Both liquids change in temperature ; they Sow in opposite 
directions over the hot surface (opposite currents) ; the temperatures 
change as in 3 (Pig. i). 




The mean difference in temperature between the liquids is then, 
according to Grashof, Thcoretische Maschitieiilehre I. : — 

'"■-,T7^ "» 

'°* r.- 1,. 

^■'•-—r\ <2> 

3. «.- "-- '-',-"7-'-' (3) 

4. »,..g- -- '-)^ -<'--'-) ,4) 



EVAPORATING AND CONDENSING APPARATUS. 

If 6, = the difference in temperature betweeD the two liquids 
the commencement, and 
6, = the dlETerence in temperature between the two liqaide at 
the end, 
then it may at once be seen, by a glance at the four diagrams (Figs. 
1-4), that the four equations may be written ' : — 

(6) 

m 



logs= 



The equations thua all become alilte, by which the determination o( 
the mean temperature difference for all cases is considerably facilitated, 

Now we may evidently express the smaller difference in tempera- 
ture as a fraction or percentage of the larger. If we suppose tha 
larger temperature difference to be #„, which is manifestly permissible, 
and the smaller 0„ then 



" 100 ■ 



(9) 



and the equation applicable in all cases then reads 



'■(-4) 



.(10) 



temperature t 



3 of equation (10) we can obtain the mean difFerenoe in 
, between two fluids, each of which is occupied 
modifying the temperature of the other, if the largest difference ia 
I temperature at their first contact, d„, and the smallest difference in 
I temperature at the end of contact, 6., are known, by first determining 
I what percentage of 0„ is the difference 6,. 

' In Figs. 1-4 (he charaoter 3 ie uaai in place of Che 9 'm the text. 



THE MEAN TEMPERATURE DIFFERENCE. 5 

Example. — In an opposite ourrent condenser the oold liquid enters at 
ttm = 10° G. and leaves at tte » 80"* G. The hot liquid enters at ^m = 100° G. 
and leaves at ^ = 50° G. ; what is the mean difference in temperature Om ? 

The largest difference in temperature is O^ = 50° - 10° = 40° ; the smallest 
difference in temperature is 0« = 100° - 80° = 20° ; thus 

^ . 100 X 20 -^ t, i ^ «A 

$t IS — jTT — = 60 per cent, of $a, or j> = 60. 

40 

Then ,, = ^^iil^ = ^-^ = 28-86' 0. 

In Table 1 are given the values of the mean difference in tempera- 
ture 0^ for the case that the largest difference in temperature ^. = 1 
and the smallest $, = 0'01^« to I'OO^a- I^ ^^V individual case, in 
order to find the correct mean temperature difference, it is only 
necessary to multiply the proper figure of column 4 by the greatest 
temperature difference 0^ of the particular case. 

- The mean difference in temperature of two fluids in motion, 
engaged in an exchange of heat, may also be obtained in the following 
manner: — 

If we consider the whole heating or cooling surface (surface of 
separation) divided into n parts, in such a manner that the moving 
fluids are in contact with each part during an equal time (the nth part 
of the whole duration of contact z), then the increase in temperature 
of the colder fluid is directly proportional to the difference in tempera- 
ture in each division. 

z 
If, in the first division, during the time — at the temperature 

difference 6^, this difference is diminished by the part xO^, then in 
the second division the diminution of the difference in temperature 
will be 

Oi = (Oa - xOaix = xOail - x) (11) 

In the third division the decrease in the temperature difference will be 

0^ = $^" xOa - xe,{l - re) = xOail - a;)2 . . . (12) 

Similarly, in the fourth 

(93 = xO^il -xY (13) 

and in the last or nth layer 

e^.,^xe,{i^xY-^ (U) 



Ffi EVAPORATING AND CnNDENSINT. APPARATUS. 

I Since in each division the increase or deci'ease of tenipemlure is 
always only a, fraction of the total difference, it follows that in the 
last division only a part of the still remaining difference in tempera- 
ture will he removed, so that complete equalisation of the tempera- 

L tiires of th^ two fluids cannot occur according to this finite conception. 

I If we suppose that the final difference in temperature between the 

I liquids is 0„ then B. - 6, is the sum of the diminutions of the tempera- 

I ture difference produced in the n divisions. Thus 

I e,-0, = .r».jl + (l-.T) + {l-j-)^ + {l-j)"+ . . . +(l-a:)'-i) (15) 

I or, summing the geometrical progression, 

I «.-»._ i|(l - I)- - 1! _ i|(l - I)- - 1| _ (1 - I)- - 1 ,,„ 
I ' ». " (1 - *) - 1 " - » " - 1 ' ' 

["""»'"' I -('-"■ <!'> 

I "-'-'Vl <!'' 

The figure x (always a proper fraction) gives the fraction of 0, by 
which the temperature difference has been diminished at the end of 
the first layer. 

H As will be seen later, there is & I'eason for ascertaining the value 
of (1 - x) and for knowing the temperature difference even at the end 
of the first layer. These values are accordingly given in Table 1, 

' columns 3 and 3, 

I The value of 6^ may be expressed as a percentage of 6,, thus in 

' Table 1 the figures are given for ~ under the assumption of n = 100 

I layers, which affords a very close approximation to reality. 

I Alter finding in this manner the diminution in the difference of 

temperature in the first layer, x$„ it is necessary to find the average 

temperature difference Ijetween the fluids during the whole period of 

the transference of heat. 

L At the commencement of the uppermost layer the temperature 

I difference = fl„ . . . . (20) 

I „ „ „ „ ,, next lower layer the tempera- 

I ture difference = tf, — tf„ - 6^ 

I -».(!-») (21) 



THE MBAN TEMPERATURE DIFFERENCE. 



Table 1. 

The Mean Temperature Difference, $„,, between two liquids (or be- 
tween steam or air and liquid), which alter their temperatures 
during the exchange of heat. 



1 


2 


3 


4 


1 


2 


3 


4 


9a 


1 - x = 


X = 

'-■VJ 


Mean 

temp. 

dif!., 

^m, for 


Ba 


1 - x = 


X = 


Mean 

temp. 

diff., 

6m, for 


00025 

0005 

001 

002 

003 

004 

005 

006 

007 

008 

009 

010 

Oil 

012 

013 

014 

015 

016 

017 

018 

019 


0-9400 

0-9482 

0-9550 

0-9615 

0-96554 

0-96833 

0-97048 

0-97226 

0-97376 

0-97506 

0-97621 

0-97724 

0-97817 

0-97902 

0-97980 

0-98053 

0-98132 

0-98184 

0-98244 

0-98300 

0-98353 


0-0600 

0-0518 

0-0450 

0-03845 

0-03446 

003167 

002952 

0-02773 

0-02624 

0-02494 

002379 

.0-02276 

0-02183 

0-02098 

0-02020 

0-01947 

0-01868 

0-01816 

0-01756 

0-01701 

001647 


0-166 
0-188 
0-215 
0-251 
0-277 
0-298 
0-317 
0-335 
0-352 
0-368 
0-378 
0-391 
0-405 
0-418 
0-430 
0-440 
0-451 
0-461 
0-466 
0-478 
0-489 


0-20 
0-21 
0-22 
0-23 
0-24 
0-25 
0-30 
0-35 
0-40 
0-45 
0-50 
0-55 
0-60 
0-65 
0-70 
0-75 
0-80 
0-85 
0-90 
0-95 
1-00 


0-98404 
0-98452 
0-98497 
0-98541 
0-98583 
0-98623 
0-98802 
0-98957 
0-99088 
0-99205 
0-99309 
0-99404 
0-99491 
0-99570 
0-99644 
0-99713 
0-99777 
0-99837 
0-99895 
0-99949 
100000 


0-01596 
0-01548 
0-01503 
0-01459 
0-01417 
0-01377 
001198 
0-01043 
0-00912 
0-00795 
0-00691 
0-00596 
0-00509 
0-00430 
0-00356 
0-00287 
0-00223 
000162 
000105 
0-00051 
0-00000 


0-500 
0-509 
0-518 
0-526 
0-535 
0-544 
0-583 
0-624 
0-658 
0-693 
0-724 
0-756 
0-786 
0-815 
0-843 
0-872 
0-897 
0-921 
0-953 
0-982 
1000 



At the commencement of the third layer the temperature differ- 
ence = ^, = e,Xl - xY . (22> 
;, ,, ,, M >» last layer the temperature dififer- 

ence = ^„ = ^,._,(l-x)«-i (23) 
The sum of the temperature differences is thus 
S = ^,{1 + (1 - x) + (1 - xY + (1 - x)3 . . . + (1 - xY-^\ (24) 
and the mean temperature difference is the wth part of this sum. 

g,{(l -x)"-!} 2 

•" nj(l - a;) - 1} ^ 



8 EVAPORATING AND CONDENSING APPARATUS. 

Inserting for (1 - a:)'* the value from equation (17), we obtain 

Since -^ is always a proper fraction, the right hand side may be 
multiplied by - 1, thus giving 

». - / " Y. - /'""V- • • • (27) 



"0-"Vc)"'(i-"Vs) 



The results obtained by calculating the mean temperature differ- 
ence by means of equation (27) differ very little from those given by 
equation (10). They are arranged in Table 1, column 4. 



CHAPTER II. 

PARALLEL AND OPPOSITE CURRENTS. 

Two liquids, gases or vapours, one of which is to transfer heat to 
the other, may be conducted either in the same or in opposite direc- 
tions over the surface of separation. If the two fluids move parallel 
to one another in the same direction, the condition is known as that 
of ** parallel currents ". 

If, however, they move in opposite directions the condition is 
that of ** opposite currents **. 

In the case of parallel currents, the fluid to be cooled has its 
highest temperature at the commenceraent, the liquid to be heated 
its lowest temperature ; at the end the reverse is the case. 

In the case of opposite currents the fluid to be cooled and also 
that to be heated have their highest temperatures at one end, and 
their lowest temperatures at the other. 

In all cases the quantity of heat lost by one fluid is exactly the 
same as that gained by the other. 

If F„ is the weight and o-» the specific heat of the originally hot 
fluid, F^ the weight and o-* the specific heat of the originally cold 
fluid, and, further, if t^ and t^ be the highest and lowest tempera- 
tures of the originally hot fluid and t^ and tj^ the highest and lowest 
temperatures of the originally cold fluid, then, always, 

F^Jt^ - t^) = Fj,(rt{tj^ - ^*n) .... (28) 
Thus the weight of cooling liquid, -P*, necessary to cool the weight 
F^ of the hot fluid from t^ to t^ is 

TP — ^^Jj'wk " ^tw) /QQ\ 

^*- «r.(<«-U (2^) 

In every definite case F^, o-«, o-*, t^, t^y tj^n^ are known ; the out- 
flow temperature t^x of the cooling liquid varies with its quantity, and 
this quantity is greater the lower t^i is. 



10 EVAPORATING AKl) CONDENSING APPARATUS. I 

Tn Ihe case of opposite currents, ihe oooUug mediiuii may flowl 
Hway at a temperature only slightly lower than tlie highfM t«inpen-l 
ture of the hot fluid. In the case of pd.rallel cun'enls ihe coolingl 
iiiediuui must always run off at a teiiiperature lower than the ioasfttm 
temperature of the hot Huid. Thus {„ is always lower wiilifl 
parultel than with opposite currents, accordingly it follows that, widn 
parallel currents, much more <!ODling liquid (generally water} mnsd 
be used than with opposite currents. I 

Similarly, in order to heat a cold fluid F, by means of a hot flaiA 
F,y much more hot fluid must be used with parallel than witld 
opposite currents, I 

In the cose of parallel currents the greatest difTereuce in temperftj 
ture occurs lietween the highest temperature of the hot and thM 
lowest temperature of the cold liquid, the smallest difi'erence iiw 
tempera til re between the lowest temperature of the warm and thai 
highest temperature of the cold fluid. The first-named difference ta 
the greatest which arises under any conditions, the second la alwayn 
very much less, which is also the case with opposite currents. SinoM 
with opposite currents the highest possible temperature diGference casui 
never occur, il follows at once, in general, that the mean difference in 
temperature is greater with parallel than with opposite currents, and, 
consequently, that in the former case the necessary heating or cooling 
BUrface may almost always be smaller than in the latter case. An 
opposite current apparatus is thus always larger than a parallel 
current appiu'atus, but is cheaper to work, and in particular, with 
aimitar materials, permits the attainment of the highest temperatures 
in heating apparatus and the lowest temperatures In cooling, which 
it is impossible to obtain with parallel currents. 

Healing and cooling apparatus should always be constructed for 
opposite ounents. 

The following table (2) gives the dimensions of the hot surfaces 
necessary for cooling 100 kilos, of an aqueous liquid from 100" C. to 
M*, 40°. 30°. 20^ and 15^ C. by means of water at 10" C. The water 
is supposed to leave tlie parallel currents apparatus S' below the 
tfiinperature of the cooled liquid, and the opposite current apparatus 
At 80° C. {i.e., 20" below the temijerature of the hot liquid). 

Let ua now consider an opposite current apparatus, upon one side 
of which a liquid is cooled from 100" to 10°, whilst on the other side 
ft larger quantity of another liquid of equal specifio heat is heated 
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Table 2. 

Dimensions of the heating surfaces with parallel and opposite 

currents. 



Pinal 
temp, 
of the 
cooled 
liquid. 


Parallel Currents. 


Opposite Currents. 


Final 
temp, 
of the 
cooling 
water. 

°C. 


Quantity 

of 

cooling 

water. 

Litres. 


Mean 

temp. 

diff. 


Cooling 
surface. 

Sq. m. 


Final 
temp, 
of the 
cooling 
water. 

°C. 


Quantity 

of 
cooling 
water. 

Litres. 


Mean 

temp. 

diff. 


Cooling 
surface. 

Sq. 111. 


50 

40 
30 
20 
15 


45 
35 
25 
15 
12 


140 

240 

465 

1600 

4250 


29-7 


0-7 

0-8 

0-9 

105 

115 


80 
»> 


72 

86 

100 

115 

122 


29 

24-6 

20 

14-5 

10-88 


0-70 
0-95 
1-35 
2-20 
310 



from 5" to 50°, the rates of flow of the two liquids being constant 
but unequal. Fig. 5 gives a representation of the proportion of 
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*^ 
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fO* 



-C 



■< — 



10' 



-«*» 



Fig. 6. 



the sections of the cooling surface. In order to carry over equal 
quantities of heat in each section, those sections, which lie between 
small differences in temperature, must be much larger than those 
which lie between large differences in temperature. 



CHAPTEB III. 



APPARATUS FOR HEATING WITH DIRECT FIRE. 



Inbtallationb for heating with a direct fire a 

in many excellent works ; in this place only a few iuipoi'tant r 

will be briefly recapitulated. 

The weight of fuel burnt upon a certain grate in a definite t 
the quantity of useful heat obtained therefrom, and that which pass 
through 1 sq, metre of the hot surface to be heated, the temperaturei 
>of the gases produced — in fact all the conditions, actions and results 
of a heating apparatus — are very variable, depending on the damandt 
made upon it, the skill with which it is tended, aud the quality of tl 
materials. This is the more true, the smaller the apparatus. 

Since there is no intention to treat of firing in detail, the data 
collected in Table 3 must be regarded merely as useful landmarks. 

The quantity of heat passing in one hour through 1 sq. m. of boiler 
surface increases in direct proportion with the difference in tempei»- 
ture between the liquid and the Hue gases, and also probably witlj 
the square and cube root of the velocity with which the liquid and 
.flue gases respectively pass along the wall. It diminishes, however 
with the growth of the coating of soot and dust on the outside of tl 
heating surface and of boiler-scale on the inside. 

The mean difi'erence in temperature is naturally less, and tl 
tronsmiseion of heat per hour through 1 sq. ni. correspondingly lei 
the colder the flue gases leave the boiler, but the economy in foj 
is then proportionately greater. 

The true coefficients of tiansmiasion for this case are not yol 
known with sufficient accuracy ; many and varied experiments (whiidl 
are still lacking) would be required to determine them. But a kno^ 
ledge of these figures would not be of very great service, sinoa t 
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conditions which hinder the transmission of heat are very numerous 
and variable, and cannot be accurately taken into account either 
before or after construction. Thus it is necessary to be satisfied 
with applying the results of practical observations. 

If £* be the coefficient of transmission of heat, which gives the 
number of units of heat (calories) passing through 1 sq. m. in one hour 
with the total difference in temperature, then we may reckon that with 
steam boilers K = 8,000 to 12,000 calories ; in the mean, K = 9,000 
calories. 

For heating surfaces, on which the liquid is not boiled, surrounded 
by the gases of combustion, K = 6,000 to 10,000 calories ; in the 
mean, K = 7,000 calories. 

In the case of very small boiler surfaces, transmission of 18,000 - 
20,000 calories may occur, yet this high efficiency causes wet steam, 
and does not generally result in economy of fuel. 

Besearches on the transmission of heat from flue gases and air to 
W€Uer which does not boil have been performed by Joule and Ser ; 
they show that the transmission is probably proportional to the 
square root of the velocity of the gases or air, Vj^ and that the 
coefficient hi for clean wrought-iron pipes is approximately 

kt=^16jvl to k^ = 19^/vt (30) 

Having regard to the coating of the heating surface with sub- 
stances which hinder the transmission of beat, which always occurs 
in practice, we shall assume for this case the coefficient of transmission 

A:, = 2 + 10 n/^; (31) 

in so far as it refers to pure air. If the liquid is heated by flue gases, 
on accoimt of the greater amount of coating in unfavourable cases, it 
is necessary to take 

A;, = 2 + 5 nA5, (32) 

In the mean, for this case, ^j may be taken as about 13. 

By means of this figure the following small table (4) has been 
calculated ; it shows how large the heating surface must be in order 
to heat in the boiler-flue, in one hour, 100 litres of water from 10° or 
16** to 80** or 130** C, when the flue gases reach the economiser at 
a temperature of 300**-400** C. and are there cooled to 150° or 300° by 
giving out heat. 
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Tahle 3. The Properties ^ 






s-2 


1 


si 
It 


1 ' i 
If ll 


Weight of 1 cub. m. - - kaoa, 


370- 


260- 


610- 


740 — 






465 


380 


70O 






Temperature of the flame " C. 


1969 


2149 


2357 


2595 2664 




Temperature with a double 












quantity of air- - - ° C. 


800- 


900- 


900- 


1000- iiooo- 






1000 


1200 


1200 


13001 13«f 




'S;'=s.r*}»'»He.|.8.o 


3.550 


4460 


6600 ' 7500 




Useful beat from 1 kilo, calories 


60-80 per cent, of the thefli^ticalfl 




Theoretical quantity ofl cub. m. 


3-46 


4-04 


4-88 


6-97 


7-1^1 




air for 1 kilo, of fuel/ kilos. 


4-65 


530 


6-34 


9-5 


10-^ 




Quantityof air required! cub. tn, 
(orlkilo. in praoticej kiloe. 


6-92 


808 


9-76 


13-96 






9-3 


1060 


12-68 


19 


21 -el 




Theoretical voU i nub. m. at 0° (3. 
ume of gaa 
a-om 1 kilo.J „ at 300" C. 


4-30 


4-769 


5-44 


7-42 


8-30fl 












M 




8-82 


9-92S 


U-M 


15-69 


17-3JI 




Cartjonio acid in flue gas • ■ 


10- 


4 per cent. ■ 




Quantity burnt | kilos, per hour 


70- 


80- 


100- 


50- 


50- H 




upon 1 sq. m. - 


120 


120 


200 


120 


ijH 




of grate ' average 


100 


100 


150 


75 


7^1 




Ratio of openings to total grate 










^H 




surface 


S-iS 


i-J 


'-J 


i-i 


^.^H 




Thickness of the burning \ 
layer ^m. m, 

Resistancetothedraughtl 

caused by the fuel j™-""- 


250 


20O 


150 


100 


io9 




1-4 


1-4 


1-4 


5-12 


sM 


^M 


Ash per cent. 


1-1-5 


1-5 


5-10 


3-4 


*■ 


^B 


Isq.m.of heatingaurfacei 










■ 


requires a grate of j ^- • 


TU-iff 


Tj-aff 


1 s-sV 


sViir sra-H 




1 sq. m. of heating surface eva- 


' 


I 


porates kilos, of waterpevhour 


15-20 kilos, ; avernj 




1 kilo, of fuel evaporates kilos. 




H 


of water 


20-3-6I 1-6-3 I a-4-5 15-5-1015-5-1 


I 


Speed of gases in) 

J. 1 1")' sou. 


3-4 metres per seo.- 


■ 


Section of flue - - - -sq. tn. 


decreasing from 0-37 




Section oE chimney - -sq. m. 


^ of the ^ste 1 1 of the gra 


^H 


Height of the chimney - - m. 


at least 16 metM 


■ 


Temperatui-e of the flue\,p 


^ 




g»»e. ) ■"■ 




I _ i 
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Certain Fuels. 



Table 3. 



o 



n 

o 



960 

2688 

1000- 
1300 

7760 



• 












^ 


o 


■*» 


M 


a 


o 


< 


o 




520- 




570 


2734 


2774 


1000- 
1300 




8110 


7430 



8 

2 

Si 

a 



o 

Si 

o 
o 



194 I 793 
2104 — 



7750 I 7184 



60-80 p. c. of the theoretical — 



804 
11-5 
1609 
23 

8-43 

17-71 



8-49 
12-5 
16-98 
25 

8-74 

18-38 



7-441 

9-7 
14-88 
19-4 

8-04 



801 
10-30 
1608 
20-6 

8-42 



16-89 17-70 I — 



10-14 per cent. 



50- 25-60 
120 



75 
1 1 

100 

5-12 

3-4 
1 I 



85-40 



1 1 
100 



I I 



35-80 
60 



I 1 
250 



n 



785 



10000 



9 



928 



10700 



20 percent. l«Ki 
*■ tftHnbyeoal 



5-6 
I 1 



2-5 



Straw 



18 kilos. 



5-5-10 : 5-5-10 : 4-5-8 



1-5-2 



Tan 
bark 



3 

o 

08 

o 



0-34- 
0-45 
2390 



13745 

4800-7000 
1 c. m. = 5M0 

12 
16 

5-6 per 
cub. lu. 

13-6 



27-5 



1-11 1 — 



30-3A IlUee 

heat. 

1 litre of 

water from 

OO-IOOO C. 



o 

-*3 



3500 



6 metres permissible — 3-4 metres at the top of the chimney 

0*43 of the grate at the beginning to 0*25 at the end 

J of the grate | — | — | — | — | — | — | 

otherwise 25 times the diameter of the top 

450" 
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Table i. 1 


Heating surface, II, required to heat 100 kiloa. of water in one hoQr| 




in the boUer-flue from 10° to eC-lSO" C. 1 




Water heated 




from 


» 


At entry 

Ateiit - . - . 


sco° 

1S0= 


260° 
200° 


4«l° 
280° 


MO" 
300° 


10= 


80- 


Temp, differeuce, 6„ 


176- 


226° 


268° 


329° 








Heating surface, H- 


308 


2-39 


20 


1-7 aq. BL 




10° 


100- 


Temp. diEference, 0„ 


170° 


217° 


26r 


316° 








Heating surface, E- 


4'07 


32 


266 


30 sq. m. 




10° 


llff- 


Temp, difference, 9„ 


164° 


213° 


261° 


312° 








Heating surface, H- 


47 


3-6 


2-89 


3-43 sq. m. 




10° 


ISO- 


Temp, difference, S„ 


160* 


207° 


257- 


311° 








Heating surface, H- 


639 


412 


3-3 


2-70 sq. m. 




10° 


130- 


Temp. differeuce, 6„ 


153° 


206- 


254- 


3or 








Heating surface, H- 


603 


4-48 


3-7 


3-0 aq, m. 




Erampl^.—lo order to heal 100 litres ot water from 10= to 100° C, 100 (100-101 1 


= 9,000 units of heal are requiri^d. The flue gases enter the economiser al 300* 


aad leave at IW C.bo that the temperature difloronoe ia at first 300- 100 = 300'* 


MdaUbeeadieO-lO-lW; thus, m the mean, Bince ^ = 0-7, »-- 168* 


(Tftble 1). The aooBBiary heating surface ia therefore 


„ 9000 9000 .„ 

^ = s;rE. = 168^6 irr3 = ^"'"^'"'' 


Observalion (Zeits. d. V. d. I., 1888, 438). — 5,197 litres of water p«g 


"hour were forced with a. velocity of O'llS m. through six parallel mMl 


pipes of 51 mm. internal diameter, which had & total heating surhoa 


of 315 sq. m. The water wag heated from 48'5° to 180° C. by meanl 


of the flue gases from a marine boiler, which were thereby cooled fron 


338° to 149" C, 


There were transmitted 


C = 5.179 (180 - 48'5) = 683.405 calories. 


M 
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The initial difference in temperature was 

^« = 338° - 180** = 158°. 

The final difference in temperature was 

0, = 149° - 48-5° = 100-5°. 

Thus the mean difference in temperature, 6^ = 126°. 
The coefficient of transmission of heat was 

C 683,405 

^'"Hd^"315x 126 "'^^'^* 

The velocity of the gases over the pipes was about 1*2 m., thus 
the calculated coefficient of transmission was 

ik, = 2 + 10 >/F2 = 130. 



CHAPTER IV. 

THE INJECTION OF SATURATED STEAM. 

Saturated steam, directly injected, is used for heating water, for 
distilling low-boiling liquids (alcohol, methyl alcohol, etc.) and for 
carrying over high-boiling liquids. 

If saturated steam be conducted into cold water, it liquefies and 
gives up its heat to the water. The previous pressure of the steam 
is immaterial, since it is lost in condensing. An almost complete 
vacuum would be produced throughout the steam pipe, owing to the 
:sudden disappearance of the steam at the end where it enters the 
water, did not the steam always contain air ; since, however, this is 
•always the case, only a fall in pressure in the pipe results. The water 
is gradually heated by the steam and may reach 100° C, if it is under 
atmospheric pressure. If the water be under a higher pressure, as that 
of a column of water, it can reach that temperature which steam of 
this pressure would have. 

Example. — The water in a closed vessel in the cellar of a house 20 m. high, 
from which rises a pipe, 20 m. long (2 atmospheres) and filled with water, may 
reach at the bottom the temperature of steam at a pressure of 2 atmospheres, 
i.e.y 120*6° C. The temperature of the water in the full pipe diminishes from 
below upwards, a circulation takes place, the warm water rising and the colder 
flowing down. Tlie rising warm water, as it gradually' comes under less pressure, 
l^ives off its excessive heat by forming steam. 

Thus steam gives up its heat to water which is . not boiling, 
liquefying and increasing the weight of water by its owm weight. 
However, if the water boils, it evolves as much steam as is led 
into it, and its weight remains constant. 

1 kilo, of steam at atmospheric pressure has 637 calories. If 
the temperature of the water is t, each kilo, of steam brings to it 
(637 - t) calories. 
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In order to heat 100 kilos, of water 
through 10° 20° 30° 40° 50° 60° 70° 80° 90° 100° C. 

there must be injected 17 3'33 5 6*9 9 10'75 1275 15 168 18*6 
kilos, of steam. 



If steam is blown into a boiling liquid (not water), with which 
water mixes, and the boiling point of which lies below that of water, 
vapours are formed composed of a mixture of steam and the vapour 
of the liquid. The composition of these vapours depends, according 
to certain laws, upon the composition of the boiling mixture of liquids, 
but, unfortunately, is not accurately known for most mixtures of 
liquids, although this property is utilised on the largest scale in the 
industries for the distillation of such liquids. The heat of evaporation 
of the mixture of vapours is the sum of the heats of evaporation of 
the water and the liquid. The temperature of the mixture lies between 
those of the single vapours. 

Example. — 1 kilo, of a mixture of vapours, containing 0-5 kilo, of water 
vapour and 0-5 kilo, of alcohol vapour, is at the boiling temperature of 92^ C. ; 
0*5 kilo, of steam at 92° contains 271 calories of heat of evaporation, and 0*5 kilo, 
of alcohol vapour at 92° contains 103 calories. Thus, 1 kilo, of the mixture 
contains 271 + 108 = 374 calories. 

This question has been treated in a previous work {Wirkuinjsweise 
der Bektificir- iind Destillir-Ajyparate, Julius Springer, Berlin), which 
should be mentioned here. 



When saturated steam is blown into a hot liquid, which does not 
mix with water, part of the liquid is mechanically taken away along 
with the steam, even when its boiling point is considerably above 
that of water. This process of carrj^ing over small particles of liquid 
is not evaporation, and, according to the author's observations, the 
heat of evaporation of the vapours evolved is but little greater than 
that of the water alone. 

The quantities of different liquids carried over by 1 kilo, of 
saturated steam are very different ; they depend essentially upon 
the nature of the liquid, the dryness and the temperature of the 
steam. In almost all cases, if not exactly necessary, it is still very 
desirable to heat the liquid under distillation in some other manner, 
suice by this means the work to be performed by the steam is made 
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considerably easier. Experience has shown that 1 kilo, of steam 
carries over more liquid in vacuo than at atmospheric pressure. 

As approximate data it may be stated that to carry over 

100 kilos, of toluene there are required 13-15 kiloe. of steam. 
100 ,. benzene 



100 


1 I^VXA«4V^XJV/ ly 

, fatty acids „ 


If 


100 


100 , 


, tar ,, 


»» 


150 


100 , 


, glycerin ,, 


it 


250 


100 


, nitrobenzene ,, 


i» 


250-300 


100 


, nitro toluene ,> 


»* 


400-450 



CHAPTER V. 

SUPERHEATED STEAM. 

The steam superheater consists of metal pipes, through which satur- 
ated steam is led, and which are generally surrounded outside by 
&e. But the superheating of steam is not of necessity done by 
direct fire ; a sand or oil- bath, or even high pressure steam, may 
be used. When saturated high pressure steam is allowed to expand, 
its temperature and pressure sink. If this expanded or low pressure 
steam at a low temperature is passed through pipes heated outside 
by hotter high pressure steam, the low pressure steam is brought 
up to the temperature of the high pressure steam, ^.e., it is super- 
heated. It is a matter of indifference by what means the superheating 
is accomplished. 

The specific heat of superheated steam at constant pressure, 
which comes into consideration here, is 0-^ = 0*4805. Thus, in order to 
superheat 1 kilo, of steam at 100° C. through 100° C, i.e., to heat it to 
200° C, there are required 100 x 0-4805 = 4805 units of heat. Since 
saturated steam always contains water, the heat required to vapourise 
the latter and then superheat it to the same degree must also be 
calculated. It is important and useful to keep as low as possible 
the amount of water in the steam to be superheated, since the eva- 
poration of the water requires much heat and seriously diminishes 
the efficiency of the superheater. But in spite of all separating 
arrangements, which are always used in conjunction with superheaters, 
the saturated steam always carries a certain quantity of water 
(3-5-10 per cent.) into the superheater. The heat required to 
vapourise this water must be calculated. 

If the whole weight of steam to be superheated is D, its original 
temperature t, the temperature to which it is to be superheated t^, 
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and the percentage of water w, then the amount of heat required 
for superheating is 

C = ^Q^o37 + D(t, - 00-4805 

and, when t = 100°, 

C = D\6-37w + 0-4805(^ - 100)j .... (33) 

Thus, in order to superheat 100 kilos, of steam, more or less heat 
is required according to the percentage of water. 

Table 5 gives the number of units of heat required to superheat 
steam at 100° C. through 100°, 200°, 300°, 400°, 500° and 600° C, when 
it contains 0, 3, 5 or 10 per cent, of water. 

Table 5. 

Expenditure of heat, in calories, in order to superheat 100 kilos, of 
steam from 100° C. through 100° to 600° C, when it contains 0-10 
per cent, of water. 



Water-con teDt 

of 

the steam. 

Per cent. 


Superheating through 


100° 
Calories. 

4,750 

6,361 

7,435 

10,120 


200° 
Calories. 

9,500 
11,111 
12,185 
14,870 


300° 
Calories. 

14,250 
15,861 
16,935 
19,620 


400° 
Calories. 

19,000 
20,611 
21,685 
24,370 


600° 
Calories. 

23,750 
25,361 
26,435 
29,120 


600° 

Calories. 
28,500 

30,111 
31,185 

33,870 




8 

5 

10 



The volume of superheated steam is, according to Zeuner, 

pVa = 50-9r - 192-5 ifp (34) 

where p denotes the pre.ssure in kilos, per sq. m., V^ the volume in 
cub. m. and T the absolute temperature. 

In Table 6 are given the volumes, T,,, of 1 kilo, of superheated 
steam, in cub. m., for pressures of 0*1, 0*2, 0*5, 1, 2, 3 and 4 atmo- 
spheres and temperatures from 200° to 500° C. 

The quantity of heat, which is carried to the steam through 1 sq* 
m. of heatimj surface, depends, as we may readily imagine, on the 
velocity with which the steam to be superheated moves along the 
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inner face, and the heating gases or liquids pass along the outer 
face of the superheater. Exact figures are, however, wanting for 
this transference of heat, owing to lack of accurate experiments. 
But if these figures were known, the coating of the surfaces with 
ash and rust, and also the variable and generally unknown proportion 
of water in the steam, would make the theoretical figures useless for 
practical purposes, without large corrections. 

Table 6. 





Absolute 


Temperature of the superheated steam, tn. 


200° 


250° 


300° 


400° 


500° 


Absolute 


pressure, 












pressure. 


P' 




• 


Kilos, per 


Absolute temperature of the superheated steam, T. 


473° 


52.3° 


573° 


673° 


773° 


Atmos. 


sq. m. 
















Volumes of 1 kilo, of superheated steam, Va^ in 






cub. m. 


01 


1,000 


23 000 


25-540 


27-987 


33-176 


38-260 


0-2 


2,000 


11-390 


12-670 


13-890 


16-483 


19-027 


0-5 


5,000 


4-496 


5 005 


5-494 


6-530 


7-549 


1 


10,000 


2-215 


2-469 


2-714 


3-233 


3-741 


2 


20,000 


1-089 


1-217 


1-339 


1-598 


1-853 


3 


30,000 


0-718 


0-803 


0-884 


1-057 


1-227 


4 


40,000 


0-534 


0-597 


0-659 


0-788 


0-909 



Experience shows that, by means of 1 sq. m. of superheater surface 
in one hour, 25-45 kilos, of high pressure steam may be superheated 
through 100°, 150° or 200° C, when the temperature of the hot gases / 
is 450°-550° C, the speed of the steam in the superheater being/ 
15-40 m. per second. ^ 

This is true for those cases in which the steam is superheated by A 
means of waste gases ; when, however, the superheater lies immedi- ! 
ately after the fire, so that the flames directly impinge on its tubes, the ' 
efficiency is considerably greater, especially with steam at little above 
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'the atmospheric pressure. Uuder these circuinstanceB, in one hour 
by meanB of 1 sq. m. of surfarce, as much as 300 kiloa. of steam maj 
be superheated through 2O0°-3OO' C. The velocity of the steam may 
then reach 60-70 iii. 

If the steam is expanded, i.e., if it has a lower preasure thUL 
that of the atmosphere, for example, J atmos. (absolute), the velooitf 
in the pipes may attain 160, or even 400 m. ; an average would b« 
250 m. 

According to Hirn, the coefficient of transmission between hot 
gases and steam with cast-iron heating surfaces, fc = 10 to 15. 
Assuming it to bo fc = 10, a number which must be regarded as- 
extremely low. the heating surfaces necessary to superheat 100 
kilos, of steam, containing 0-10 jwr cent, of water, through 50°, 
100°, 200° and 300° C, with a mean difference in temperatOW 
between steam and hot gases of 100° and 150° C, have beeil 
calculated and arranged in the following table:— 

Table 7. 



Water- 
conteut 
of tlie 

Par 

wnt. 


For auperheating Ihrougl. 1 


50" 


75° 


100° 


200° 


800° ■ 




100° 100° 


lOCP j ISC 


100° 


160° 


100° 


160° 


100° ieo° n 



3 
5 
10 


the necesAacy 
2 '38 1-65 

3'i8 aas 

3-72 2'5 
5-07 3 '35 

1 


heating surf at 

3-60 ' 2-40 
5-21 ; 3-48 
6-29 , 4-20 
8'97 ■ 5'98 


e, Id Bq. 

475 
6'3li 
7'43 
10-12 


Tl..f0 

33 

4'3 
50 
C7 


100 kilos. oIb 

9'5 1 6-6 
1376 8-6 
14'96l 10-0 
20-24! 13-1 


eampe 

142 

190 
22'2 
30' 2 


1 



"With the same assumption, it may be found that 1 sq. m. of thi 
heating surface of the superheater superheats the following weights o 
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Table 8. 



V 



Water- 
content 
of the 
steam. 

Per 
cent. 


Superheating through 


60° 


75° 


100° 


200° 


800° 


With mean differences in temperature of 


100° 


160° 


100° 


160° 


100° 


160° 


100° 


160° 


1 
100° 1 160° 

1 




3 

5 

10 


l8( 

42-0 
31-4 
26-8 
20 


|. m. of 

630 
47-4 
40-2 
300 


heatin 

280 
190 
16-0 
110 


g surfa 

420 
28-5 
240 
16-6 


ces sup 

210 
15-7 
13-4 
100 


Brheats 

31-5 
23-6 
201 
150 


kilos, of steam 

10-5 16 
7-85 12 
6-7 10 
50 7-5 


L per hour. 

70 10-5 
5-3 80 
4-5 6-8 
3-3 50 



CHAPTER VI. 

EVAPORATION BY MEANS OF HOT LIQUIDS. 

OcoAsiONALLY liquids are evaporated by means of heating coils, 
through which steam is not conducted, but a strongly heated liquid 
of high boiling point (400°-500° C.) is pumped. The rate at which 
this hot liquid is forced through the coil can rarely be very large, 
since the considerable length of the coiled pipe and its small internal 
diameter would otherwise largely increase the friction, and thus the 
necessary pressure. We may regard a velocity, v^, of 1 m. per second 
as suitable, though often this is not attained. 

In estimating the quantity of heat given up in this case from the 
hot coil to the hoilimj liquid, the coefficient of transmission may be 
assumed, according to the author's observations, to be 

A;, = 700 7^ (35) 

The heating surface H in sq. m., required to transfer G calories 
per hour, is, with the mean temperature difference ^^, 

'' = e-ikj7, <36> 

Accordingly, 1 sq. m. of heating surface in one hqur, with a velocity 
of the heating liquid in the coil of Vf = 1 m., and with mean differences 
in temperature of 

e,^ = 5° 10° 15° 20° 50°C. 

would transfer 3,500 7,000 10,000 14,000 35,000 calories 

to the boiling liquid. 

The necessary weight of the hot liquid, F^^ which must be forced 
in one hour through the heating coil is, if G represents the quantity of 
heat to be transferred in one hour. 
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The diameter of the coiled pipe in metres (d) is obtained from the 
iquation 

^100 X V, X 10 X 3600 = ^*" 



«/ 



T 



The length of the heating coil is 

Z = ^ (36c) 

For the hot Hquids considered here the specific heat, o-/-, is 
generally 0*5 and the specific gravity, s, = 0'7. 
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The physical propei-ties of aaturated steam are the basis ot many 
of the following considerations ; a compilaCioo ot these propertiaq 
according to Zeuner, is given in Table 9. 

Water and many other liquids ai-e evaporated by means i 
saturated stenm. The hot steam employed has usudly a pressUK 
■of 3-5 atmospheres, but, frequently, for hquida of high boihng point 
steam of 12-15 atmosphei-es must be used. It is often advantageoo 
to heat with steam at a pressure of 1-2 atmospheres (absolute). 

The temperature of the hot steam must always be some dej 
higher than the boiling point of the liquid to be evaporated. Th 
transfer of heat is greater, the larger the difference in temperatM 
hetweeu the steam and the boiling liquid, and it mity be propei^ 
Assumed that the action of the heating surface increases in dirsa 
proportion with the difference in temperature, &„. In order to mak 
this difference large, a vacuum is frequently maintained over th 
boiling liquid, i.e., the liquid is brought into a closed vessel provido 
with heating surfaces iu contact with steam, from which the vapom 
are conducted through a pipe into a condenser, where they liquaj 
and are cooled, and then either flow away spontaneously {by i 
barometer column), or are drawn olf by means of a pump or otl 
apparatus. 

The pressure of the hot steam is without influence on the affloiei 
ot the heating surface. But the tempeTature, which is in a definH 
connection with the pressure oi saturated steam, has consideraU 
influence, since, other things being the same, with increasing pressui 
the temperature of the steam also rises to an extent which is perfect^ 
well-known, and thus proportionately increases the difference in ten 
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perature between steam and liquid. In this sense the capacity of the 
heating surface rises with the pressure of the steam. 

By many researches it has been shown that with increashuj 
temperature of the steamy or, in general, with an increase in the 
temperature at which the transference of heat takes place, there 
is a certain increase in the efficiency ; this effect is, however, not 
proportional to the increase in temperature, and appears again to 
decrease when certain limits of temperature are exceeded. The 
cause of this behaviour is to be found in the increasingly rapid 
movement of the particles of liquid over the heated surface at the 
higher temperatures. The effect is more noticeable in heating non- 
boiling liquids by means of saturated steam, than in evaporating. 

The hot steam always carries air with it (Zeits. d. V. d. Ing., 
1887, 284), which considerably hinders the transference of heat. 
It appears as if the air attached itself to the hot surface, forming 
a net-like layer upon it, thus hindering the action of the steam. 
The removal of the air from the tubes or spaces, in which the 
steam is to give out its heat, is extremely important for effective 
working. Every care must be taken to remove, as quickly and 
completely as possible, the air which the steam brings to the hot 
spaces. It naturally collects where it is driven by the moving 
steam, that is, at the end of the heating surface. At that place j 
there must be provided a continuous outlet, and since diffusion 1 
between air and steam is tolerably slow, the outlet should be placed 
rather towards the bottom than the top of the hot space. 

The pressure in the hot space is the sum of the 'pressures of air 
and steam. The total pressure in the steam space is, therefore, 
always rather greater than the pressure of the steam alone, and 
since the temperature (the most important condition) in the hot 
space depends upon the pressure of the steam aud not on the 
sum of the pressures, the temperature in a steam space is always 
somewhat lower than would be supposed from the total pressure 
as indicated by a gauge. In heating experiments it is, therefore, 
necessary to observe the temperature of the hot steam and not its 
pressure, since the latter, on account of the varying amount of air, 
cannot give a reliable indication of the temperature. 

The pressure and temperature of the steam are not equ^l in all 
parts of the steam space; they are always somewhat, often much, 
lower at the end of the heating surface than at the beginning. When 
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Table 9. 



Saturated Water Vapour — Pressure; Total 

Evaporation ; Specific Volume 





jPressure. 




Vacuum. 














Tempera- 












1 










ture. 


Atmospheres, 
absolute. 


Mercurj'. 


Water. 


Mercury. 


Water. 




1 


m.m. 


m. 


cm. 


m. 


'C. 


00061 


4-60 


0068 


76-540 


10-273 





00086 


6-53 


0089 


75-847 


10-247 


5 


0012 


9-17 


0-124 


75-083 


10-212 


10 


0017 


12-70 


0176 


74-730 


10160 


15 


0-023 


17-39 


0-288 


74-261 


10098 


20 


0031 


23-55 


0-820 


73-645 


10-016 


26 


0042 


31-56 


0-484 


72-845 


9-902 


30 


0-055 


41-83 


0-568 


71-817 


9-768 


86 


0072 


54-91 


0-744 


70-509 


9-692 


40 


0094 


71-39 


0-972 


69-861 


9-864 


46 


0-121 


91-98 


1-251 


66-802 


9-085 


50 


0155 . 


117-48 


1-602 


64-262 


8-784 


66 


0196 


148-79 


2026 


61-121 


8-810 


60 


0-246 


186-95 


2-543 


57-806 


7-798 


66 


0-257 


195-50 


2-656 


66-460 


7-680 


66 


0-303 


233-09 


8-163 


52-601 


7-178 


70 


0-380 1 


288-55 


3-928 


47-148 


6-408 


76 


0-466 


354-64 


4-817 


40-686 


6-619 


80 


0-506 


384-44 


6-230 


87-656 


6-106 


82 


0-570 


433-04 


5-892 


32-696 


4-444 


85 


0-691 


5-25-45 


7-142 


23-456 


8-194 


90 


0-746 


566-76 


7-711 


19-342 


2-626 


92 


0-834 


633-78 


8-602 


12-622 


1-706 


95 


1-000 


700-00 


10-336 








100 


1-25 


950 


12-920 






106-38 


1-50 


1140 


15-50 






111-74 


1-75 


1330 


18-09 






116-42 


2-00 


1520 


20-67 






120-60 


2-25 


1710 


23-2(> 






124-36 


2-50 


1900 


26-84 






127-80 


2-75 


2090 


28-42 






130-96 


3-00 


2280 


31-00 






133-91 


3-50 


2660 


36-18 






139-24 


4-00 


3040 


41-34 






144-00 


4-50 


3420 


46-51 






148-29 


500 


3800 


51-68 






152-22 


600 


4560 


62-02 






159-22 


7-00 


5320 


72-35 






165-84 


8-00 


6080 


82-69 






170-81 


9-00 


6840 


93-02 






176-77 


10-00 


7600 


103-36 






180-81 


11-00 


8360 


113-70 






184-60 


12-00 


9120 


12403 






188-41 


1800 


9880 


1 134-37 






192-08 


14-00 


10640 


144-70 






196-68 


1500 


11400 


156-04 






198-98 
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leat ; Heat of the Water, 


of the Liquid and of Table 9. 


nd Weight (after Zeuner). 






jatent heat of 








the vapoar, 


Heat of the 




Specific 


Specific 


306-5 - 0-595« 


liquid, 


Total heat, 1 


volume. 


weight. 


- 000002^ - 


t + 0-00002f« + 


606-5 + 0-305/. 1 






00000003^. 


0-0000003f*. 




1 vol. water 


Weight of the 






gives vols, of 


vapour in kilos. 


Calories. Calories. 


Calories, j 


vapour. 


per cub. m. 


606-6 





606-6 


198567 


0-00504 


603-030 


6 


608-03 


143811 


000696 


599-648 1002 


609-56 


105170 


0-00951 


596-074 16-006 


611-08 


75824 


0-01319 


592-690 


20-010 


612-60 


67087 


0-01753 


689113 i 26-017 


61413 


43126 


0-02320 


585-623 30026 


616-65 


32423 


003086 


582-143 36-037 


617-18 


25168 


03975 


577-649 40-051 


618-70 


19642 


0-05119 


676-162 


46-068 


620-23 


15213 


0-06576 


571-662 


60088 


621-76 


12001 


0-08336 


568-170 


56-110 


623-28 


9610 


0-10519 


664-763 60-187 


624-80 


7629 


0-13114 


561-163 65167 


626-33 


6163 


0-16234 


560-468 66-172 


626-63 


6915 


0-16915 


557-649 70-201 


627 86 


5020 


0-19928 


564141 75-239 


629-38 


4096 


0-24423 


560-618 1 80-282 


630-90 


3382 


0-29582 


549-210 ' 82-300 


631-61 


3130 


0-31961 


547-101 83-329 


632-43 


2799 


0-35744 


643-569 ' 90-381 


1 633-95 


2336 


0-42829 


542-157 92-403 


! 634-56 


2177 


0-45966 


540-037 1 96-443 


1 636-48 


1958 


0-51105 


536-500 , 100-500 


637-00 

1 


1650-5 


0-60590 


531-983 106-967 


1 

! 638-95 


1338-6 


0-74738 


628-173 1 112-408 


1 640-58 


1126-9 


0-88740 


524-670 1 117-340 


642-01 


975-9 


1-0252 


521-863 121-417 


648-28 


859-9 


1-1631 


519-193 1 126-237 


644-43 


776-7 


1-2981 


616-727 , 128-753 


1 645-48 


697-2 


1-4345 


615-879 I 131-061 


646-44 


638-3 


1-5674 


612-351 134-989 


1 647-34 


587-5 


1-7024 


508-632 1 140-438 


648-97 


508-2 


1-9676 


505-110 145-310 


650-42 


448-4 


2-2308 


502-022 1 149-708 

1 


651-73 


401-4 


j 2-4911 


499-189 163-741 


652-93 


363-6 


1 2-7500 


494-122 160-938 


65502 


300-4 


: 3-2032 


489-687 


167-243 


656-93 


266-2 


3-7711 


486-712 


172-888 


658-60 


233-9 


4-2745 


482-093 


178-017 


660-11 


209-5 


4-7741 


478-791 


182-719 


061-50 


189-7 


' 5-2704 


476-705 


187-066 


602-77 


173-5 


1 5-7080 


472-844 


191-126 


663-97 


159-9 


0-2543 


470-136 


194-944 


665-08 


148-4 


0-7424 


467-603 


198-537 


666-14 


138-4 


7-2283 


466-120 


202-041 


667-16 


127-7 


7-0270 
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hot Steam is conducted into a double bottom, or a ooU iti contact^ 
tt-ith cold water, the tension at the end of the heating surface ii 
generally }iU in the first moments of the entry of the steam, ifrl 
gradually increases as the water becomes heated, until, finally, wheB 
boiling oomiiiences, it reaches the permanent highest point. 
The following may serve as an examiple : — 

A copper pan ot 1.000 mm. dinmeter, with a double bottom of 1-4 sq. n 
mined 720 litres of water at 13° C. Steam eoLry valve, 25 mm. ; pressure o 
in the boiler. 35 alma^. : nl its entr; iuto the double boUom, about 3 atm 



of tlie water 
in Oie double 
bottomed pan. 






Calories transferred 






The more rapidly the Uquid moves over the heating surface, ihs 
more rapid is also the transference of heat. The larger the numbc 
of particles of liquid brought to the heating surface in a definil 
time, the more heat will the liquid take up in this time. Th 
example just quoted shows this clearly : as the water becomes bottei 
and hotter, its circulation or movement over the heating surfao* 
increases, and so does the number of units of heat conveyed acroB 
1 sq. m. in a definite time per 1° difference in temiwrature. 
when the liquid to be heated or evaporated is moved by artificia 
means rapidly and frequently over the hot surface, the amount ( 
heat transferred in a delinite time is increased. This increase is 
however, not directly proportional to the increase in velocity, but ii 
a lower ratio (Chapter XXI,). 

The conclusions to be drawn from the observations of Joule, Se^ 
and others, lead to the belief that the increase in the tranafereno 
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of heat between steam and a non-boiling liquid is proportional to 
the cube root of the velocity of the liquid. 

The rate of movement of the steam over the heating surfaces also 
exerts a considerable influence on the transference of heat. There 
is always observed close to the entry of the steam, where it first 
conies in contact with the heating surface, a much more lively 
motion of the particles of a non-boiling liquid, and a very much 
more rapid evaporation of a boihng hquid, than at places mord 
distant from the entry. It is evident that the more heat will be 
imparted by the steam, the more of its particles rapidly touch the 
surface of separation. 

Aroimd coils, pipes, over double bottoms and tubular heaters, filled 
with steam, a very lively movement of non-boiling Hquids, and an ex- 
tremely energetic ebullition of boiling liquids, takes place at the entrance 
of the steam ; towards the end the action decreases considerably, until 
it appears almost entirely to cease. If the hot space be opened at 
the end, so that steam escapes, whilst the pressure in the hot space 
remains constant, the transference of heat is increased ; a larger 
portion of the heating surface takes part in the violent action. In 
practice this opening of the hot space cannot always be effected, 
since it generally results in a costly loss of steam, yet there are 
cases in which it is the regular condition, e.g.^ with several heating 
bodies placed one after the other, in the condensers of rectifying 
apparatus, etc. 

In all these cases the largest transmission of heat is observed 
where the most steam passes over the hot surface, and the heating 
surface as a whole is the more efficient, the more steam passes over 
its total extent, although this steam is not quite condensed. It i& 
beheved that the average evaporative efficiency of a unit of surface 
decreases with its size, and, in fact, approximately in proportion to 
the square root of the surface. Thus, if A;, denotes the quantity of 
heat transferred through unit surface in unit time with 1° difference 
in temperature, then, through the surface, fl", the quantity of heat, 
C = k^ JH, is transferred. In the case of tubes, inside which is 
steam, it is probable, as observation has shown, that this relation 
always holds good ; in the case of double bottoms, perhaps in default 
of accurate experiments, the connection is more uncertain, which 
is also true of tubular heating apparatus with the steam outside 
the tubes. 

3 
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When the space couiaining the hot steam is very large, sc 
inly slight movement takes place in it, almost a stagnation occurs. 
&nd the influence of tlie absolute size of the surface Is liiminislied. 

The condensfl water formed from the sleain precipitated on ll 
heating surface, considerably hinders the transference of beat. sinoB 
the conductivity of water is very low. The more rapidly and com-I 
pletely this condensed water is removed from the heating surface^ 
tlie more ethcient the latter will be. To a certain extent the condensacE 
water drops more readily from a horizontal tube, heated externally, 
than from a vertical pipe, down the whole length of which the waia 
would liave to run. 

The nature of the victal, of which the heating surface is ooniposedj 
appears to effect the amount of heat transferred only throngb 
differences in conductivity. On the other hand, the nature of th« 
surface, whether rough or smooth, seems to be almost entirely with- 
out action on the movement of heat. 

The heat, which a heating medium (steam, water, air) ts I 
transmit through a metallic diaphraf^ra to the heated raedini 
i(water, air), has three resistances to overcome, ria. ; — 

1. The entry through the surface of the metal plate. 

2. The passaj^e tlirough the metal. 

3. The exit from the metal into the heated fluid. 
These resistances may be expressed by P^clet's method, takinj 

for each a coedicient. which gives the number of calories passinf 
through a surface of 1 si), m. in one hour with a tempemioi 
difference of 1'. Let the entering coedicient be c, the exit coefficieal 
be Q, the conductivity through a wall 1 mm. thick be A. the thioknen 
in miUimeti'es be S. Then, if k be the total quantity ut heat wbiol 
passes thiyiugh 1 sq. m. in one hour, with a temperature difference o 
1° C, and a thickness of 1 mm., these coefficients are related acoordinj 
to the gHueral er|uiition (P^clet) : — 



1 



S 1 



The coefficients of entry and exit, c and a, are practically unknown^ 
since they are hardly capable of measurement by direct experiment. 



(37) 
(38) 
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However, for the cases dealt with here, the so-called coefficient of 
transmission, ^^ alone comes into consideration ; we may thus omit 
the researches designed to determine the values of c and a. 

The conductivity coefficient, A, of the metals has been determined 
by several observers ; the values found are, however, somewhat 
different. It is probable that slight variations in the composition 
of the metals (impurities) exert considerable influence on the con- 
ductivity for heat. The following values for A may be taken as 
the mean of many experiments, they give the number of calories 
which pass in one hour through a metal block of 1 sq. m. section, 
1,000 mm. thick, with a temperature difference of 1° C. (Zeits. d. V. d. 
Ing., 1896, 46) :— 

Copper, 330. Tin, 54. 

Iron, 56"1. Zinc, 105. 

Steel, 22-3-40. Lead, 28-44. 

If we put -r for the sum of the reciprocals of a and c, then 

Ill 

7- = - + - 

^^^ ^-f^- •.-... (39) 

""' A' = - A"-^ (40) 

1 + A;, - 
A 

If we now insert for A„ those values which are to be regarded 
as most nearly correct, we may form an idea of the influence exerted 
by the greater or less conductivity, and the greater or less thickness 
of the walls of the heating surface, upon the coefficient of trans- 
mission, k. 

According to Molier (and others) ^•„ lies between 3,500 and 7,000. 

In order to obtain an idea of the retarding effect of the increasing 
thickness of the material of the heating surface, the Tables 10 and 
11 have been calculated. 

Table 10 gives, for the metals, copper, zinc, iron and lead, the 
values of the coefficient of transmission for thicknesses of 2-10 mm., 
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when that coefficient is 100 for u thifskness o{ 1 mnj. The value»9 


are given on two asaumptions : - 1 


1. The coetBcient h^ = 3.500. 1 


2. k„ = 7,000. ■ 


In practice 1;. would rarely be greater lliau .3,500. ^M 


Table 10. 1 


If the ooetliment of transmission of heat. k. is 100 for a thickness infl 


wall of 1 mm., then tor greater thickness of 2-10 mm. it has tba^ 




values given in the columns. ■ 






Copper, 


Zinc. 


Itt,u, 


.... 1 




Tbickness 








m 


of 

wiii. 


k,= k.= 


ft,,- 


A, = 


K^ 


k,= 


fc, = 


fc. = 




min. 


7000. 3S00. 


7000. 


3500. 


7000. 


9300. 


7000. 


9S00. 


1 


100 100 


100 1 100 


100 


100 


100 


100 




2 


98 99 


94 97 


87 


93 


83 


90 




3 


96 98 


89 1 94 


77 


86 


71 


83 




4 


M 97 


84 1 91 


69 


80 


63 


75 




5 


92 9ti 


80 


89 


63 


76 


55 


69 




6 


90 1 95 


76 


86 


57 


71 


50 


64 




7 


89 94 


73 


83 


53 


68 


45 


60 




8 


87 93 , 


69 


82 


49 


64 


42 


56 




9 


86 92 


66 


79 


46 


61 


38 


53 




10 


84 91 


64 


77 


43 


38 


36 


50 




From this table it is seen that the coefficient of transmission. k.M 


decreases the more, with increasing thickness of wall, the worao. 


conductor is the metal. 




mm., the decrease iu k with increasing thickness of wall is unim- 


portant, and may almost be neglected. 


With wrought iron, which is generally thicker, the thickness ai 


once exerts an untuvourable influence, and in the case of caBt-iron, 


heating surfaces, which are made 10 mm. thick and more, the 


efficiency is very considerably diminished by these thicknesses. 


In the case of lead, which is used m thick-walled pipes, and haa 


a low conductivity, the et£uiency of the heating surface diminishes 


very rapidly with increasing thickness. 


^ 
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The next, Table 11, shows the values of the coefficient of trans- 
mission for iron and lead heating surfaces, when they are of equal 
thickness with copper, the coefficient of transmission for the latter 
being taken as 100. It will be seen that heating surfaces of iron 
and lead, of the same thickness of wall, have considerably lower 
efficiencies than those of copper ; the former metals are also generally 
used in greater thicknesses than copper. 



Table 11. 

When the coefficient of transmission of heat for copper in thicknesses 
of 1-10 mm. is taken at 100, the coefficient for iron and lead of 
equal thickness has the values given. 



Thickness 




Iron. 


LeSrd. 




of 
wall. 


Copper. 














1 , 








ko = 7000. 


K = 3500. 


ko = 7000. 1 ko 


= 3500. 


mm. 








1 




1 


100 


89 


93 


1 
82 1 


90 


2 


100 


77 


87 


69 ' 


82 


3 


100 


70 


82 


60 i 


75 


4 


100 


64 


77 


54 1 


70 


5 


100 


58 


73 


49 1 


63 


6 


100 


55 


70 


45 


60 


7 


100 


51 


67 


42 


57 


8 


100 


48 


63 


39 


54 


9 


100 


46 


61 


37 1 


51 


10 


100 


44 


60 


35 ; 


49 



Thick viscous liquids, which move slowly, acquire heat with more 
difficulty than water or dilute solutions, alcohol, etc., consequently 
the coefficient of transmission, k, is much lower, so that it may 
often be only 0*5, or even 0*2, of the coefficient for water, according 
to the consistency and nature of the liquid. 

Finally, there is still another hindrance to the transference of 
heat, which arises more or less in all cases — the incrustation or 
coating of the heating surface with more or less solid, pasty or 
crystalline formations, corresponding to boiler scale. All these 
precipitates adhere firmly to the hot surface, they conduct heat very 
badly, and thus diminish the efficiency to a great extent. Since 
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these hindrances lu'e different in eaoli single case, can never be 
'exactly eHtimated beforehand, and afterwards can practically n 
he controlled, the figures obtained in practice for the transference 
of beat are appreciable' smaller than tliose found by careful 
searches ; frequently the difference is so great that even the agreement 
of the action with the laws cannot be recognised. 

The conditions of the exchange of heat through metallic dia- 
phrafpna between gases, vapours and liquids, have not yet been 
elucidated with the desimhle certainty by means of careful experi- 
ments conducted w.th lar(j;e apparatus on a practical scale. A 
theoretical consideration of all the different practical cases is also 
wanting. Theoretical results, however, would not be directly 
applicable to the larj^e scale practiue owing to the varying dillicullies 
which occur there. Thus, in the present condition of our knowledge, 
there is no other course than to consider the results and observations 
of the author and others, obtained from large apparatus in industrial 
use, whilst giving due regai'd tp the rules, coefficients and laws 
obtained by experiment, unfortunately, as a rule, from yery small 
apparatus. 

We shall at once endeavour to etate such rules for the BBtimatiou 
of the necessary heating anil cooling surfaces for the different oasea 
which occur in practice. 

In all cases it is an a<ivantage to make tke passaye of the gases, 
vapours and liquids oi-er the hoi surface as rapid aa possible. Thus, 
vortices and alterations in the direction of flow favour the trans- 
ference of heat ; the more rapidly the liquids and gases dow through 
the pipes, and are driven over the heating surfaces, the more rapid 
is the transference of heat. .\ cuiTent of steam or gas, flawing 
rapidly through a pipe or Hue of t'egular section, gives out heat more 
iquickly than a current of steam, which, when led to a flat wida 
heating surface, spreads out o\'er it to all sides as soon as it reaches 
it. The greatest loss of lieut Cakes place at the spot where tba 
hot current flrst touches the heating surface. 

Towards the end of long heating pipes and tines the lemperatura 
and pressure of vapours and gases sink, so that the end itself is 
almost inoperative. The shorter and narrower is a steam heating 
pipe, the more efficient is its surface. 

The hoc space should always be kept fi'ee from air, and the water 
should be rapidly and completely removed. 



CHAPTER VIII. 

THE TRANSFERENCE OF HEAT FROM SATURATED STEAM IN 
PIPES (COILS) AND DOUBLE BOTTOMS. 

A. Evaporation and Heating by Means of Steam Pipes (Coils). 

Pbofessok R. Molier in a fine compilation published by request 
of the Vereins deutscher Ingenieure in the society's Zeitschrift, 1897> 
Nos. 6 and 7, states that the most reliable data concerning the co- 
efficient of transmission, h, between steam and water are as follows : — 

In the case of water which is not boiling, according to experiments 
by Ser on a horizontal tube of 10 mm. bore and 314 mm. long, the 
transference of heat increases approximately with the cube root of 
the velocity of the liquid, v^, in m. per second. 

Molier calculated k^ from the experiments of Ser : 

A:, = 3300 «^^ (41) 

From numerous researches by Joule on vertical tubes of narrow 
bore, 

A:, = 1750 Vv, (42) 

According to the experiments of G. A. Hagemann (Nogle Trans- 
missions-Forsog) on an externally heated vertical tube, 49 mm. in 
external, 45 mm. in internal diameter and about 900 mm. long, 
through which water was passed at various velocities, in the case of 
non- boiling hquids the quantity of heat transmitted increases not 
only with the velocity of the liquid but also with the height of the 
temperature at which the transference of heat is effected. The liigher 
the temperature of the hot steam, t^, and the temperatures of the 
liquid, tf^ and ty^,, the more heat is transferred in one hour per sq. m. 
per 1° C. difference in temperature. Molier deduces from Hagemann's 
experiments the following expression for k,, : — 

^, = 50 + jlOOO + 10(^ta + ^-2— )| Jv, . . . (43) 



I 

I 
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The figures, obtained by Niohol from sxperiments on a bmsa ti 
of 20 mm. bote, show n considerably greater transference of heat 
in the horizontal than in l.he vertical position. In the hori/xintd 
position about 1'5 times as many calories were transmitted as ii 
vertical, yet the values found by Nichol are lower than those ot SerJ 

It would appear that at higher temperatures the Uquid is some^' 
what more mobile, and hence that greater differences of lemperatun 
may occur between its parts, which would then cause a grealei 
movement over the heating surfiice. That the horizontal positioi 
ot the hot pipe is favourable may well be explained by the immedinti 
removal of heated particles of liquid from the hot sm-face. thus ■ 
once making place for fresh particles. In or about a vertical pipa 
many particles of liquid must remain in contact with the surtac 
in rising. 

In regard to the transference of heat to boiling water from s. 
ated steam, experiments by C. Long, J. B. Morison and the brotheil 
Sulzer, are quoted in the same paper; the results of these experi' 
ments, which were certainly carefully executed, cannot, howevei 
be considered from the same point of view. 

From a consideratioo of the above-mtintioned esperiments, thoM 
of Jehnek (Z. d. V. tiii- Eii ben zuoker- Indus trie, December, 1894), &ai 
some numbur of the author's own, the author comes to the conclosioi 
Ihat the empirical equation 

'• = 'J^' '"■ 

most accurately expresses the transmission of heat between steani 
*nd boiling water, in so far as cylindrical copper pipes, with i 
inside, are concerned. 

With all due regard to such careful workers as Joule and SerJ 
the author is of the opinion that, from such small apparatus as thfti 
with which they worked, safe conclusions cannot he drawn as to thi 
relations between steam and liquid on the much greater proportional 
of the industrial scale. 

[t is quite certain that the temperature and pressure of the steatQ 
at the end of a long pipe surrounded by water in violent ebullilioQ 
are considerably lower than at the beginning. It is also proved that 
those heating surfaces, or portions of heating surfaces, transmit Uia 
most heat, whioh are met and rapidly touched by the largest nambar 



HEATING BY MEANS OF STEAM PIPES. 41 

of molecules of steam. Similarly, steam at rest gives up the least 
heat. 

Steam which is blown into a large heating space, spreads out 
on all sides immediately after its entry ; it does not pass over the 
hot surface in a regular manner, and thus gives out its heat very 
slowly. 

In the author's opinion, observation teaches that the transmission 
of heat increases with decreasing diameter and with decreasing 
length of the tube, and apparently in such a manner that the 
transmission is inversely proportional to the square root of the pro- 
duct of these quantities. The smaller the diameter of the heating 
tube the more molecules of those which are passing through will 
come into contact with the walls. Since the largest quantity of heat 
is given up at the beginning, every tube becomes much less active 
towards the end. 

The equation 

k - ^^- (44) 

is not in any way to be regarded as final ; we know, indeed, that it 
is inaccurate. It appears that the increasing length of the heating 
pipe diminishes the transmission of heat in a somewhat less ratio 
than that of the square root. The equation is inaccurate for very 
short and very long tubes, but the want of results of sufficiently 
accurate experiments does not permit it to be corrected, and thus 
it must serve for the present. 

For comparison with this formula certain published experimental 
results may be quoted : — 

Jelinek, with a copper tube, 16 mm. bore, 12,000 mm. long, 
observed k, = 4494. 

Calculated, k„ = i??£_ _ = 4309. 

v/0016 X 12 

Jelinek, with a copper tube, 10 mm. bore, 8200 mm. long, 
observed k, = 5890. 

Calculated, k. = — ,- — = = 6643. 

VOOl X 8-2 

In this case the temperature difference was taken by Jelinek as 
the arithmetic mean of the initial and final temperatures of the steam, 
whilst it should have been calculated according to the principles laid 
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down in Chapter I., in whiuh case it is 
6750, instead of 58^0. 

Jelinek, witli a topper tutw, 10 n 
observed k, = 8680. 

r. 1 1 . , 1900 

V 0-016 ; 
Suizer, wilh a eopiier tube. 100 n 
k, = 3400. 

,..._..,..„.■ ,. 1900 



C. Loiiij, with a copper tube, 31'4 i 
observed h, = 6500, 



Calculateti. k, ■■ 



y00ai4 X 2-5 



less, and k, ihen becon 
im. bore. 3000 mm. loi 

= = 8675. 
[ 3 

m. bore, 3000 iniu. long 

I = 3480. 

nm. hore, 2300 mm. lonj 

6840. 



In Table 12 ai-e contained the coetficients of transmission, 
Uted by means of equation 44, for copper tut>es of 10-150 mm, Ixn 
and 1-30 m. long. These values for k, only apply to the evaporatio 
of water, The thicker the liquid to be evaporated becomes, the let 
becomes the influence of the form and species of the heating surfai 
upon the elliciency. 

For wrou);ht-iron pipes the i-oeflioient, k,. should be taken at aboi 
0-75. for cast-iron pipes about 0'5, and tor lead pipes about 0'45 of tt 
ooeflicients for copper, in which values allowance has been made ft 
the greater thickness in wall of these metals. 

For application in practice only | of the value of k, as so foun 
should be used. 

When not pure water, but dilute solutions of 10-25 per oeal 
strength are to be evaporated, the coefficient of trans misaii 
generally decreases by 20-30 per cent. 

For thick, pasty, viscous or sticky liquids, or liquids largely miiti 
with crystals, the value of k. may become much less. The dimension 
of the heating tubes are then found to be of little influence ; for sui 
cases the following values should be taken for k, in practice: — 
Long heating coils, about 650-750, 

Short 800-900. 

Thin heating tubes (steHm pipes), about 1000, 

Vertical systems of pipes (steam outside), about 600-700. 
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Table 12. 

The coefiBcient of transmission of heat, ^„ for one hour, 1° C. and 1 sq. 
m., between steam and boiling water, for copper heating coils of 
10-150 mm. bore and 1-30 m. length. 



Bore of the 


Length, I, of the tube in m. 


1 


2 


4 


6 


8 


10 


15 


20 


30 


tube in mm. 




















Coefficient of transmission of heat, /r«, for copper steam 


d. 




pipes, heated inside. 1 


10 


19000 


13470 


9500 


7714 


6730 


6012 


4912 


4290 


3570 


15 


15580 


11000 


7713 


6333 


5495 


4910 


3950 


3408 


2833 


20 


13470 


9500 


6730 


5490 


4750 


4220 


3408 


3007 


2455 


25 


12000 


8520 


6012 


4910 


4250 


3800 


3100 


2687 


2190 


30 


11000 


7714 


5490 


4510 


3875 


3408 


2835 


2455 


2004 


35 


10190 


7272 


4900 


3900 


3500 


3200 


2640 


2270 


1850 


40 


9500 


6730 


4750 


3875 


3363 


3007 


2455 


2110 


1743 


45 


8950 


6333 


4510 


3600 


3165 


2835 


2300 


2004 


1610 


50 


8520 


6012 


4253 


3408 


3007 


2687 


2190 


1900 


1558 


60 


7714 


5490 


3875 


3170 


2740 


2455 


2004 


1743 


1415 


70 


7200 


5080 


3600 


2930 


2540 


2270 


1890 


1610 


1310 


80 


6730 


4750 


3363 


2740 


2375 


2125 


1711 1490 


1225 


90 


6333 


4510 3170 


2580 


2245 


2004 


1610 


1410 


1157 


100 


6012 


4290 3007 


2455 


2135 


1900 ; 1558 


1364 


1100 


125 


5714 


3800 


2687 


2191 


1820 


1700 


1390 


1202 


982 


150 


4910 


3408 


2455 


2004 


1743 1555 


1266 


1100 


905 



The thickness of metal of the copper tubes is taken at about 2 mm. 
For \\Tought-iron pipes, about 3*5-4 mm. thick, the coefficient, 

^, = 0-75 of that for copper. 
10 mm. thick, the coefficient, 

k^ = O'oO of that for copper. 

10 mm. thick, the coefficient, 

A% = 045 of that for copper. 



cast 



lead 



»f 



»f 



f > 



»i 



>» 



ft 



In determining the dimensions of the heating surfaces of apparatus 
for the evaporation of water, the coefficient, k^, should only be taken 
at about | of the above values, i.e., 
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For copper tubes 


- 0*66 of the figures in the table. 


,, wrought-iron tubes 


- 0-50 


„ cast-iron tubes - 


O'oo ,, ,, f, 


,, lead tubes - 


- 0-30 



For liquids which contain 10-25 per cent, of solid matter in 
solution, the coefficients, k,^ are only about f as large as those just 
given, i.e.y 

For copper tubes - - 0*5 of the figures in the table. 

,, wrought-iron tubes - 04 ,, ,, ,, 

,, cast-iron tubes - - 0-25 ,, ,, ,, 

,, lead tubes - - - 0*225 ,, ,, „ 

The equation (44) may now" be somewhat transformed. Multi- 

phdng numerator and denominator by v/tt, the expression under the 
square root sign becomes equal to the heating surface, H,, thus 

k = ^^_P9.^^ = 1900 y/ ^ _ 1900 X 1-772 __ 3367 • .^^ 

If we now insert this value for k^ in the equation for the total 
transmission of heat by the surface //, — 

we obtain 

C = 3367 >ln, 0., (46) 

which may be expressed in words : the heat transmitted in unit time 
by the surface, i^„, is proportional to the square root of the surface. 

As has been said above, this equation is not quite correct, but 
the efficiency of larger sui-faces is somewhat greater, and of smaller 
surfaces somewhat smaller, than would correspond to the equation. 
But the results obtained by its means, of all known to the writer, 
agi'ee most nearly with the reality. 

Having regard to the diminution in efficiency caused by incrusta- 
tions, mcomplete removal of air, etc., we may take for the calculation 
of the actual heating surfaces the equations 

a = 2200 e,„ JH^ (47) 

^-(22(S-J («) 
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which may be applied with some confidence to copper heating tubes 
for the evaporation of water. 

Table 13 has been calculated by means of these equations, it 
gives the number of kilos, of water evaporated in one hour by copper 
tubes of 10-150 mm. diameter and 2-40 mm. length, with 1° difference 
in temperature between the steam and boiling water. This table 
will serve for the rapid calculation of the proper dimensions of the 
heating tubes in any case under consideration. 

With sufiBciently short tubes the real temperature difference, 6^^ 
to be expected, is only about 10 per cent, less than the calculated. 

If not water, but a thin solution of 10-25 per cent, strength is to 
be evaporated, copper coils give about 0*75, wrought-iron about 0*6, 
cast-iron about 0*4, and lead about 0'33 of the results quoted in the 
table. 

From viscid, thick and crystallising liquids, containing very little 
water, the hourly evaporation of water by means of heating coils 
is much smaller, viz,^ for copper about 0*5, wrought-iron about 040, 
cast-iron about 0*25, and lead about 0*225 of the weights given in 
Table 13. 

Steam at a pressure of 3-4 atmospheres, in narrow and not too long 
copper coils, is found in practice to evaporate to the atmosphere 
about 100 litres of water in one hour per 1 sq. m. ; with very small 
heating surfaces more (up to 130 litres), and with larger, less. 

With 1 sq. m. of heating surface, heated by steam at 3-4 atmos- 
pheres, 800-1200 litres of water may be heated in 1 hour from 10° to 
100° C. when the water is not specially moved, yet the efficiency of 
the heating surface varies greatly and depends on the velocity of the 
steam (see Chapter XXL). 

B. The Dimensions of Steam Tubes (Coils). 

The ratio of the diameter to the length of a tubular heating 
surface is far from being without influence on the proper action 
of the surface. In very long pipes, in which the steam moves with 
great velocity, the pressure falls considerably towards the end, and 
thus the available temperature difference sinks appreciably. 

When the steam enters at high velocities the coefficient of trans- 
mission of heat is greater than when the velocity is lower, but the 
pressure and temperature, which sink rapidly in the first case, 
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Heatini,' sui'tace, //,. in sq. m., and 


houi-lj- evapora 


OQ of wal« 


..M 


of 


copper lieatiiig tubes of 10-150 


mru, diameter und 2-40 in^ 




lea 


gth, with r C. diflerence in 
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= 3 

li 




Iiitenial diameter o 


fiho 


eating tube 
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10 


20 


30 
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SO 00 
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^ 


2 


H. 


0-OH 
112 


0-14 
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Table 13 — {contimced). 



IB 
\3 



21 



Internal diameter of the heating tube in mm. 



w 
w 

w 

H, 
w 

w 

H, 
w 

H, 
w 

w 

w 

w 

H, 
w 
H, 
w 

w 



22 



23 



24 



25 



26 



27 



28 



29 



30 



31 



32 



33 



36 



36 



37 



38 



39 



U) 



w 

w 

Hr 
w 

w 

w 

w 



10 20 



30 40 ' 50 I 60 ' 70 80 90 I 100 125 i 150 



4-32 

8-31 

4-42 

8*40 

4-62 

859 

4-82 

878 



4-87 

880 

5-10 

904 

5-33 

9-20 

5-56 

948 

5-78 

960 

600 

979 

6-22 

997 

6-44 

1014 

6-70 
1035 



5-61 I 

9-47 1 
969 

614 

990 

6-40 

1010 

6-66 
1032 

6-92 
10-52 

7-18 
1071 

7-44 

1090 

7-74 

1109 

8-04 

11-34 

8-26 

1149 

8-48 

11-88 



6-25 

1000 

6-54 

1022 

6-84 
1046 

7-14 

1069 

7-42 

1089 

7-70 

1109 

7-99 
1129 

8-28 

11-48 

8-61 

1173 

8-94 

1200 

9-10 

1206 

9-44 

1228 

9-77 
1250 

1010 

1272 

10-43 

12-92 

10-76 

1312 



700 
1058 

7-28 

1074 

7-55 

10-98 

7-88 

1120 

8-20 

11-45 

8-52 

1165 

8-84 

11-89 

9-16 

1210 

9-53 
1234 

9-90 

1256 

1015 

12-72 

10-40 

12-92 

10-77 

1312 

11-14 

1336 

11-51 

13-60 

11-88 

13-80 

12-20 

14-00 

12-52 

14-16 

12-84 

14-32 

1416 

15-04 



8-56 

1170 

8-96 

12 00 

9-38 

12 24 

9-80 

1252 

10-21 

12 80 

10-62 

1304 

11-03 

13 28 

11-44 

13 52 

11-84 

1376 

12-24 

1400 

12-68 

1424 

13-12 

1448 

13-52 

1462 

13-92 

1492 

14-32 

15-12 

14-72 

15-36 

15-12 

15-56 

15-52 

15-76 

15-92 

15-96 

16-32 

16-16 



10-29 
1284 
10-78 
1312 

11-27 

13-44 

11-76 
1372 

12-25 

1400 

12-74 

1428 
13-23 
14-56 
13-72 
1484 

14-24 

1508 

14-76 

1536 

15-22 

15 60 

15-68 
1584 
16-19 
16-08 
16-70 
16-36 
17-17 
16-56 

17-64 

16-80 

18-13 

17-04 

18-62 

1728 
19-11 
17-78 

19-60 

18-72 
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diminish tlie temperature dilference to euch an estent that the hi 
transterred per sq. m., with an excessive initial velocity of the steam 
is really smaller than when it retains its full pressure to the 
of the pipe. 

The connection between diameter and length of lube, velocity 
pressure of steam, may be explained in the following manner : — 

The heat passing through the walls of a steam tube into 
surrounding boiling water is equal to the heat set free by the < 
densation of the steam. Thus we have the equation r 



Je..»/S^ 



d'l, 



D^eOOcy 



(ii 



in which d is the diameter of the tube, I its length, Uj the velocit 
of the steam on entering the tube (all in m,), c the heat of evapcn 
tion of 1 kilo, of ateam, y the weight of 1 cub. m. of steam, e_ tl 
difference in temperature. 

By a transformation of this equation (49) we obtain the connects 
lietween the length and diameter of the tube. 



li 



sAT 



\3 WJ200 " .-" ^__ . ■ ■ . 

The external surface of the tubes should have been taken here K 
the heating surface, but in equation (50) the thickness of the 
was neglected in order to obtain a compact formula, the in 
diameter of ttie tube being taken as equal to the external. ThJ 
inaccuracy makes the calculated lengths of pipe about 10 per ce 
too great, which must be remembered in applying equation (50). 

The velocity with which the steam enters is conditioned by I 
dimensions of the tube, ihe dilTerenoe in temperature and the laj 
in pressure in the tube. The latter cannot, however, well be calcn 
lated, not even by means of equation (1J3), which does not hold gooi 

for complete condensation, thus the proper mtio, -,, cannot be fou 

with certainty from equation (50). It must suflice to assume t 
^eatest advisable length of pipe from the results of experiment. 

The lower the pressure of the steam, and the greater the teiS' 
perature difference between steam and boiliag liquid, the short«] 
must the tube be. For differences in temperature of 30°-40° C, 

following values of the ratio -.- are suitable; — 
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Absolute pressure 
of Steam, atmos., 5 4 3 2 1-5 1*25 0*8324 0*466 

-^ = 275 250 225 200 175 150 125 100 

For any other difference in temperature, ^,„ the highest value of the 
ratio -4- is then 

For the sake of convenience in calculation it may be stated that 
the values of 0*725cy for the above steam pressures are 

997, 817, 631, 438, 340, 288, 203, 116. 

If the steam is to be used in the heating tube at its original high 
pressure, and, consequently, its highest temperature, it must not be 
throttled on entering the tube. The valve admitting the steam must 
be of fair dimensions. 

If the highest available steam pressure is required to be exerted 
in the coil, then the velocity of the steam on entering may be 30 m. 
If, on the other hand, a certain fall in pressure from the main steam 
pipe to the heating tube is permissible, the steam may enter with a 
velocity of 50-60 m. The latter is regularly the case, when the 
available steam pressure is higher than is required in the coil. 

Table 14 may assist in the choice of the steam valve. In it are 
given the weights of steam at different pressures which pass in one 
hour with a velocity of 30 m. through valves of 10-350 mm. diameter. 
For higher or lower velocities the weight of steam admitted is natur- 
ally proportionately larger or smaller. 

Example, — The dimensions of a steam coil are to be determined, by which in 
one hour 300 kilos, of water, or SCO kilos, of dilute alcohol (50 per cent, by weight), 
or 300 kilos, of ether, can be evaporated, when the available steam is at a pressure 
of 4 or 1*25 atmos. absolute. 

The heat of evaporation of 1 kilo, of dilute alcohol vapour of 50 per cent, strength 

375 
by weight is 375 calories, i.«., as large as for ^-7; = 0*7 kilo, of water. Thus, in re- 

540 

gard to the consumption of heat, 300 kilos, of the vapour of water + alcohol arc 

equivalent to 210 kilos, of steam. 

The heat of evaporation of 1 kilo, of ether is 97 calories, thus 300 kilos, of 

ether are equivalent to 

97 
900 tTTT; = 54 kilos, of steam. 

040 
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Table 14. 


I 


The weight of ateani which enters 


with the velocity r< = 30 m. and rfl 






mm. diameter, witbonfl 










o^J 




e s 


P 




^ 




I 
II 


i 


10 ifi 20 as 


30 36 40 45 1 50 55 


1 


Weight of steam, in kilos. jJm 


I-OO 


100 


S 


IS 


20 


33 


46 


63 


B2 


103 


« 


154 


.»■ 




126 


106 


6-3 


14'8 


25 


40 


57 


78 


101 


132 


158 


191 


mm 




I-fiO 


112 


7-fi 


IV 


30 


47 


08 


92 


130 


164 


188 


337 


mM 




2 


121 


10 


23 


39 


S3 


88 


120 


157 


200 


246 


396 


3»B 




2-5 


12B 


12 


28 


48 


76 


110 


149 


194 


245 


304 


867 


ml 






184 


14 


32 


56 




128 


173 


225 


2S5 


363 


438 


tioB 






144 


19 


43 


76 


190 


170 


231 


300 


260 


471 


570 


enl 




5 


153 


" 


53 


93 


146 


210 


286 


372 


472 


583 


705 


"'■ 




Tlius there are to be evaporated 




300 kiloB. of water, 300 kilc 


«. of ftloohol + water, 300 biiw. ol eihar. 


or 300 .. „ 210 


water, S4 ., nur. 


The boiling 




p.>int is 100° 92-6" 


37" 


(fl) For steam at 3 atmos. ( = i atmo 


s. abBolute) = 144° C. 


Ths temp. did. 




iHthus 41" 51'S° 


107° 


We BhtJl UBume tliat in roalicy ib 


e temporsture dirfeninee is about 10 p«r 


C«Qt, laBi, 




i..-.. 40" 46'' 


Be- 


For t° tamperature diHerence the be 


ating tube must evaporate 


f = ..«.».. f ..■ 


56 kilos.. ^ = 0-506 kilo, of water. 


From TttbiB 19 we now find that tliei 


re ia required ' 


1 tube o( 60 mm. x 18 m. 40 


mm. -t 10 m, 10 mm. n 0-6 m. 


= 8-62 gq. ra. 


^ 1-36 sq. in. = OiMS m. 


or y tubes of 40 mm. x 7 m. 25 


mm. X 4 m. — 


= 1'92 sq. m. 


= 0-72 eq. ra. — 


Dr 8 „ 80 mm. x 4 m. 


— — 


^ 1-29 Bq- m. 


— — 


Ih) Fomteaia of 0-26 atmos. (= 1'25 




Tbetonip, 




din. is 6-38° 13-88^ 


■^1 


1 ^ ^ 
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Table 14. 

pressures of 1-5 atmos. absolute in one hour, through valves of 10-350 
sensible loss of pressure. 



of the steam valve in mm. 


65 


70 


80 


90 


100 


125 


150 


175 


200 


250 


300 


350 


hour, which enters with a velocity of 30 m. 


215 250 


325 


413 


505 


802 


1144 


1560 


2192 


3206 


4576 


6254 


267 820 


403 


527 


632 


993 


1422 


1932 


2529 


3972 


5688 


7745 


317 ' 367 


429 


657 


752 


1172 


1679 


2292 


3000 


4686 


6714 


9188 


415 


4as 


628 


795 


980 


1533 


2209 


3014 


3933 


6148 


8816 




513 


595 


774 


980 


1214 


1895 


2726 


3717 


4862 


7600 






597 693 


900 


1144 


1412 


2209 


3180 


4406 


5764 








796 


926 


1204 


1520 


1681 


3004 


4254 


5620 










985 


1143 


1485 


1888 


2332 


3704 


5247 













The real temperature difference is again assumed to be about 10 per cent. 



less. 



5-5' 



12- 



63'= 



Thus for 1° temperature difference the hot tube must evaporate 



300 
5-5 



= 54*6 kilos. 



^ = 17-5 kilos. I? = 0-86 kilo. 

12 Do 



From Table 13 we now fmd there are required 
3 tubes of 150 mm. x 40 m. 1 tube of 150 mm. x 39 m. 1 tube of 10 mm. x 1 m. 



or 4 
or 6 
or 8 
or 15 



»» 



»f 



»» 



>f 



= 57 sq. m. = 19*1 sq. m. 

150 mm. X 24 m. 2 tubes of 100 mm. x 15 m. 



= 0*04 sq. m. 



= 47 sq. m. 
100 mm. x 15 m. 3 

= 29*7 sq. m. 
80 mm. X 12 m. 

= 25*8 sq. m. 
40 mm. X 6 m. 

= 12*2 sq. m. 



»i 



= 9*9 sq. m. 

60 mm. X 11 m. 

= 6*6 sq. m. 



A heating surface for evaporating may be constructed to consist 
of a single tube, diminishing in diameter towards the end either 
gradually or in steps, or of several parallel tubes, the number of 
which is diminished towards the end (e.^., from 4 to 3, to 2, to 1). 



fla EVAPORATINH AND CONDENSING APPARATOS. 

The reBearchea published up to the preaent show thai the ooefifc 
cient of IransmtssioD for such heating surfacea is not lees than fi 
short tubes of equal lengtli of the same section throughout. 

Siooe, however, as soon as the length becomes somewhat cd 
siderable in proportion to the diameter {( -= 600 d to 800 d), IJ 
pressure of steam in the tube sinks to a great extent towards tl 
end, the difTerence in temperature between steam and liquid al 
sinks incoaveaiently, and the evaporation per sq. m. becomes EmaU< 

Short narrow tubes make the most eHicient heating surfEice. 




KiatnpU.—Aa Aciaai cose (»eeFig. 6). Eight equal horizontal lirasstube) 
per cent, of copper), of 10 mm. bore, 12 mia. extemaJ diomeier and 3000 i 
1 on gtb, supplied with ateam at 111'93°C. on entering, 103-3° C. on leaving, cvnpoi 
&t£d in one hour at 100° C. Ul litKS of water, originally at 23°. Tbe u 
heating surface is H. - 18 sq. ui. 

The ditlerencc in temperature at the beglDDing is t.. = 11-93°. 
end is t, = g-i". 

The mean temperature difference would be obtained from Table 1 : (si 
j||^ = 0'269). fl» = 0-S6 X 11-99 = fi-eS". 

Since, however, the first portion of the heating surface is larger than 
ucond, tm roust be taken as 7-1°, hence th<3 obtervtd coefficient of trautnusii 



The average beating surface for 1 cube 
obtAin the caUulnUil coefficient, 



= 7000 approx. 

0-225 si[, m.. from which 
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C. Evaporation and Heating by Means of Double Bottoms 

and Wide Jackets. 

Steam admitted to double bottoms or wide cylindrical jackets, 
the other surface of which is in contact with boiling liquid, does not 
pass over the whole heating surface as regularly, and is not forced on 
to the heating surface in the same manner, as in a coil Immediately 
after it enters the wide space, the steam spreads and takes the 
shortest path to the open. This is probably the reason why the 
results of experiments on evaporation in jacketed pans do not show 
a regular relation between the transference of heat and the size of 
the heating surface, which was the case with heating coils. Large 
and small jacketed pans give almost the same transference of heat. 
The published values for k, vary greatly, they range from k, = 1300 
to k^ = 3300. The chief cause of the variation is probably the 
incomplete removal of air. On an average it may be taken that, 
in evaporating water in a copper pan with a double bottom or jacket, 
k, = 1400 to 1800 ; for bottoms up to 1 m. in diameter k, = 1800, 
from 1 to 1*3 m. diameter k^ = 1700, from 1*5-2 m. diameter 
k, = 1600, and for larger pans k, = 1400. The transmission of heat 
by copper double bottoms for the evaporation of water is thus ; — 

C = He,J400 to HM800 ..... (51) 

In the case of small pans up to 1 m. in diameter, the mean 
difference in temperature during boiling may be assumed to be about 
0*85 of that at the steam entrance ; with pans of 1-2 m. diameter about 
0*75, and with larger pans about 0*65 of the same amount. But all 
these figures are somewhat variable, and it is not yet possible to 
ascertain what causes produce, now a larger, and then a smaller, 
fall in pressure in the double bottom in each case. The distance 
from the boiler, the bore of the steam pipe, the loss of heat in it, the 
kind of pan, the form and nature of the steam entrance and its width 
all play a part. 

With steam at 3-4 atmospheres pressure in the boiler it will be 
found that, in an open pan with a double bottom of about 1-2 sq. 
m., 80-100 litres of water are evaporated in one hour per sq. m. from 
quite dilute solutions. In larger pans the efficiency is somewhat 
smaller. In this case it is very advisable to arrange several entrances 
for the steam, by which the efficiency is considerably increased. 



54 



EVAPORATrSO AND CONDENSING APPARATCS. 



By means of equation (51) the following figures have been caica 

lated, showing how gi'eat an evaporation of water per hour may b 

expected wth copper double puns of 500-3000 mm. diameter, wit 

one steam entrance and steam pressnrea of 3-5 atmospheres absaluta 

Diameter of tlie bottom in mm. 

500 800 1000 1250 15O0 1750 2000 2250 2500 2750 30 



Depth of tht' bottom in mm. 
400 500 550 600 600 



700 800 900 low 



Heating aurfoce of thp bottc 
033 0-79 1-26 202 27 362 



4-3 5-5 6-8 8-0 10- 



abs. Water evaporated in litres per lioiir, 

(2 18-5 a 56 95 127 163 190 193 238 297 3( 

3 30 62 92 159 212 271 300 315 388 488 oS 

4 44 104 132 209 280 358 400 420 503 627 7( 



50 117 156 248 



421 500 525 583 726 



If 2-4 steam inlets are provided for the larger pans, the hottrl] 
evaporation may be half as much a^^ain us here given. 

Examplt. — It was observed that, in a dou Die- bottomed pan of 84!>n m 
diameter (ll'S aq. m. heating euriace), in one liour there were evaporated 
■team of 2-2'5 atmos. absolute pressure 1200 litres ^ 107 litres per st). n 
Xsj «team of 2'S-3 atmoa. absolute, 1500 litres ^ 134 htreu per Bq. tn. flour slei 
0- 



If the water in a double pan is not boiliiuj. but is only lo t 
warmed by the steam, on account of the low temperature of the wata 
the difference in temperature between steam and water is consideral^ 
greater than when the water boils. The tension of the steani thei 
usually falls considerably even at the entmnce, and when the heatinj 
commences is often zero at the side opposite the entrance. .\ 
temperature of the water rises, the tension of the steam in the steal 
space also increases. It may be assumed that the mean difference il 
temperature $„, between steam and water during the whole perioi 
of heating until boiling commences, is about half the differena 
between the temperature of the hot steani, tj, and that of ihe liqtij 
at first, tj. 

« -kill/ 
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The coefficient of transmission, having regard to incrustations, 
is k, = 1400. 

Thus, during the period of warming, the following quantities of 
heat are conveyed to the non-boiling liquid in one hour through a 
copper double bottom heated by steam : — 

C = UOOHO^ = 700H{t^ - t;) (52) 

to C = ISOOHO^ = 900H(t^ - t^), 

from which the heating surface may be calculated for any case. 

In most cases, in which steam of about 3-5 atmospheres pressure 
(ld0''-160'' C.) is supplied to the pan, 1000 litres of water can be 
heated in 1 hour from 10° to lOO"* C. per 1 sq. m. of double bottom. 
If the hquid to be heated is thicker and less mobile than water, only 
a smaller efficiency can be expected. As the example in Chapter 
VII. shows, the transmission of heat increases as the temperature 
of the liquid rises. 

Examples. — The following are actual observations : — 
720 litres of water were heated from 1^° to 100° C. in 28 mins. by 1*2 sq. m. (diameter 

of pan 1000 mm.) by means of steam at 8^ atmos. pressure, i.e., 1285 litres 

per sq. m. per hour. 
640 litres of water were heated from 12° to 100° G. in 30 mins. by 1*2 sq. m. (diameter 

of pan 1000 mm.) by means of steam at 8^ atmos. pressure, t.e., 1068 litres 

per sq. m. per hour. 
89*6 litres of water were heated from 20° to 100° G. in 16 mins. by 1*45 sq. m. (dia- 
meter of pan 540 mm.) by means of steam at 4 atmos. pressure, i.e., 746 

litres per sq. m. per hour. 
1075 litres of water were heated from 19*25° to 100° G. in 47 mins. by 1*5 sq. m. 

(diameter of pan 1295 mm.) by means of steam at 3^ atmos. pressure, t.6., 

921 litres per sq. m. per hour. 
4200 litres of mash were heated from 52*5° to 100° C. in 45 mins. by 4*5 sq. m. 

(diameter of bottom of pan 2450 mm.) by means of steam at 100° to 139° G. 

in the double bottom, i.e., 970 litres per sq. m. per hour. 
5000 litres of mash were heated from 65° to 100° G. in 20 mins. by 5*8 sq. m. (dia- 
meter of bottom of pan 2450 mm.) by means of steam at 3*5 atmos. 

absolute, i.e., 25% litres per sq. m. per hour (two steam inlets and stirrer). 
21,000 litres of wort were heated from 68*5° to 100° G. in 50 mins. by 11*2 sq. m. 

(diameter of bottom of pan 3400 mm.) by means of steam at 8*5 atmos. 

absolute, i.e., 2256 litres per sq. m. per hour (four steam inlets). 




A VAcrtiM appamtus is a dosed vessel, heated by steam, or niott 
rarely by fire, and in which a lower pi-essure than that of the atmos- 
phere is maiataiued by suitable arraugements. The dimiuished 
presBure — the vacuum— is obtained by leading the vapoura, evolved 
from the liquid which ia evaporating in the apparatus, through the 
shortest possible pipe into a second closed vessel^tbe condeoset— . 
where they are precipitated directly by a jet of water or on well cooled; 
metallio surfaces. 

In completely closed vessels a diminution of pressure, a vacuum, 
a partial absence of air, or even a, complete loss of pressure, would 
arise through the liquefaction and disappearance of vapour alone, 
air did not always enter from the evaporating liquid, the injected 
water, or by leakages (always present) in the walls of the apparatus 
This air must be removed from every vacuum apparatus, thus a 
pump is always essential. 

A vacuum may he indeed obtained by condensing the vapoun 
evolved from a closed vessel, but it will soon be decreased, since 
enters from the hquid, from the water and through leaks. WithouJ 
pumping out the air, a lastiny vacuum cannot be obtained. 

The dimensions of the pipes, condenser and air-pump w 
treated in later chaptei's, 

A vacuum apparatus may he inadu of any resistant form : spht 
egg-shaped, erect, hoi-izontal, cylindrical, conical ; it may be 
of wrought-iron, cast-iron, copper, In'ass, lead or tin, also of earthen< 
ware, glass or porcelain ; it may be heated by steam (coils, dout 
bottoms, systems of tubes), by hot liquids, or it may staud on the op 
fire. Everything depends on the properties of the material which 
being treated and the end it in desired to obtain. 
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Since a portion of the liquid, which is drawn into the vacuum 
apparatus, is evaporated and the residue remains, the capacity in 
most cases need not be as great as the volume of the dilute liquid 
to be evaporated within a definite time, but only sufficiently large 
to contain the evaporated liquid. In order to preserve a constant 
level in the apparatus the dilute liquid may be fed in as required. 
There are, however, occasional cases in which it is not permissible 
to feed after the commencement, the contents of the apparatus must 
then be equal to the volume of the dilute liquor. 

The proportion of the heating surface to the capacity depends on 
the object of the vacuum apparatus. For many liquids it is desirable 
to keep them in the vacuum as short a time as possible ; large 
heating surfaces and a small capacity will then be used. In other 
cases, in order to obtain crystals, the charge may be gradually 
increased. Experience must here be the guide as to the proportion 
of heating surface, which depends on the duration of crystallisation ; 
no universal rule can be made, except that the capacity is arranged 
to correspond with the desired output, and the heating surface with 
the time in which a definite amount of water (or of liquid) is to be 
removed from the contents. 

TJie first advantage of evaporating in a vacuwn over evaporation 
at atmospheric pressure is that in vacuo all liquids boil and evaporate 
at considerably lower temperatures than under atmospheric pressure, 
thus there is a greater difference in temperature between the heating 
steam and the boiling liquid, and, consequently, a much greater 
transmission of heat per sq. m. of heating surface. In fact for 
heating purpose in vacuo steam of very low pressure, at 100° C. or 
lower, may be used with great success. The exhaust steam from 
engines and other sources may be profitably utilised, for since the 
boiling points of most liquids are 40° C, or more, lower in vacuOy there 
is always still a great difference in temperature. 

Liquids, which boil at higher temperatures (180°-200°-210° C), can 
generally not be evaporated under atmospheric pressure by means 
of high pressure steam, since steam would be required of such high 
temperatures, and, therefore, high pressures, that its application 
would be inconvenient, if not dangerous. The boiling points of 
these liquids fall, however, in the vacuum apparatus, so that steam 
of moderate pressure, as generally employed, may be used. In a 
vacuum, rapid evaporation may be expected if there is a difference 
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ill temperature of 10° C, or even of 5° C, if llie liquid is nc 
viscous. 

Tke vapour preasurei of litjuida in a vacuum (and under preBSure) 
may be calculated by means of a rule found by U. Diihring and 
published by E. Diihring in Nciic GnuidziUje zar falioncllcn Phyxik 
tuid Ch^tiiie, I^eipzig, 1S7H. This rule, which doeg nob appear to t 
quite reliable in all cases, runs : — 

The difference between the boiliny points {t, atid £',) "f ■> ^>?k><' < 
any ttvo pressures, divided by the difference between tlie boUitu/ poia 
(1. and f '„) of any other Itquul at the same two pressures, is a conslai 
q for these live liqiiids : 

"■ (5! 



■/ = 



Bxamptc. — The bailing paint of mercury is asT" C. at 
mm. presaure. The boiling point ol water is 100° C. t 
mm. preuure. 

36 7 - aei _ 96 _ o 
100 - ea ~ 48 ~ ■ 



Then q - 



The boilisg point of mercury ih 
6 mm. The boiling point of water 
pressure, hence 



ai4-6* 



Similar rettulti> arc obtained for other prcbtsureit and liquids. 
The ina^^ouracy of the mnatant q ia perhaps to be referred lo in«ufficie 
knowledge of the boiling points. 

Thus, if the boiling point of one liijuid be known at two fhressure 
the boiling point of another liquid at one of these pressures, and tils 
the constant q for these two liquids, by means of this rule the boiliai 
point of the second liquid at all other pressures may be calculated. 

Now if water be taken as the standard liquid, since its boilini 
points at different pressures are most accui-atety known, and, fmthe) 
if 1 atmos. absolute be taken as one of the common pressures, sino 
the boiling points of most liqm'ds at this pressure have been careful^ 
determined, then by means of this rule we can calculate the boiltnj 
points of all these liquids for all pressures, for which the constant \ 
is known, or we can calculate the constant (/ for all the liquids, i 
which the boilinij point has been observed at a second pressure. 
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Let t^ = the boiling point of one liquid at a pressure of 1 atmos. 
absolute, 
t\ = the required boiling point of the same liquid at another 

pressure, 
t^ — the boiling point of water at 1 atmos. pressure, 
0^ = „ ,, „ at the other pressure, 

then t^ - t\ = 5(100 - t^^) 

or t\ ^ty- g(100 - t\) (54) 

Example, — The boiling point of alcohol at a pressure of 1 atmos. is t/ = 
78*26*' C, that of water at 60 mm. pressure is t^^ = 40° C, the constant for alcohol 
is g = 0*904 (Diihring), thus the boiling point of alcohol at 60 mm. pressure is 

tV = 78-26 - 0-904(100 - 40) = 24-02° C. 

The constants q for about forty different Uquids are given in 
Diihring's book (see above), by means of them Table 15 has been calcu- 
lated, it gives for a number of liquids the boiling points under several 
diminished pressures, viz,, at vacua of 526, 611, 710 and 750 mm. 



Table 15. 

The boiling points of certain liquids at vacua of 526, 611, 710 
and 750 mm., calculated by Diihring's rule. 



Water - - - - 
Alcohol - - - 
Ether ... - 
Acetic acid- - - 
Benzene ... 
Turpentine (oil of) 
Butyric acid - - 
Glycerin ... 
Mercury - - - 
)8-Naphthol - - 
Carbolic acid - - 
Cresol .... 



Con- 
stant. 



0-904 



1 

1 

1 

1 

1 

1 

2 

2 

1-2 

1-2 





164 

125 

329 

228 

26 





230 mm. 


189 mm. 


50 mm. 


760mm. 


abs. 


abs. 


abs. 


abs. 


526 mm. 


611 mm. 


710 mm. 




vac. 


vac. 


vac. 



10 mm. 

abs. 
750mm. 

vac. 



Boiling points, t\. 



100 


70 


78-26 


5114 


34-97 


4-97 


119-7 


84-58 


80-36 


46-61 


159-15 


119-28 


161-70 


124-86 


290 


252-5 


357-25 


297-25 


290 


230 


178 


142 


190 


154 



60 

42-1 
-503 

73-17 

35-36 
106 
111-6 
240 
277-25 
210 
130 
145 



40 
24-02 

- 2502 
49-84 
12-86 
79-81 
87-02 

215 

237-25 

170 

104 

118 



10 

-31 
- 5509 

15 
-20-9 

29-54 

51-2 
177-5 
177-25 
110 

70 

82 
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The second {ireat adi'a)ila<jc of cvaporatinij in a racu2tm is Ihiit ilia 
liquid does not become as hot as at atmospheric pressure, and that 
also the heattag surfaces, since steam of a lower pressure is uaed, 
remain at a lower temperature — both great adv-antoges, and eves 
necessary for certain industries which deal with organic materials, saoh 
as milk, hlood, gelatine, albumin. These substances require, if tbej 
are not to turn brown, or coagulate, not only that they themselvea 
shall be evaporated at a low temperature (60°, 50°, 40° C), but also 
that the heating surface shall not be too hot, in fact, shall not 
exceed certain limits which are different for each liquid. Now. as 
we have always observed, the side of the heating surface in contact 
with the liquid is always at a lower temperature than the side in 
contact with the heating medium, so that the latter may be somewhat 
warmer tlian the liquid may become, since tiie liquid never attains 
the highest temperature. This is, however, only the case when thft 
liquid moves rapidly over the heating surface, so that its moleculea 
have not time to attain a higher temperature and be injured thereby. 
Stirrers and violent ebullition afford a good protection against li 
overheating in liquids ; however, these means are often insufficient, 
and then the best method consists in keeping the temperature dE 
the steam so low that no damage may be done under the moafc 
unfavourable conditions. Tliis is attained in a happy manner by tha 
evaporation apparatus of C. Heckmann, Ger, Pat. No. 60,588. 

Tlie transference of heat betwee^i steam aud liquid in vacuo i 
greater than at ordinary pressures, corresponding to t 
differeuoe in temperature. Equation (47) may be used to caloulaM 
the heating surface, consisting of tubes containing steam, for vacuum 



jvaporating apparatus— if. = (^^^^'j . 



Table 13 gives the evaporative efficiency' of copper heatiug coili 
vacuum apparatus also. 

In the case of double liottoms it may be assumed that the trans- 
of heat takes place in vacuo according to equation (51). 

C = H6„k {6lJ 

which. For 



water. 


k. = 1600 ; 


thin liquor 


, k, = 1200 ; 


thick „ 


k. = 900-500 
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Experience shows that in a vacuum apparatus at 650 mm. vacuum, 
there are evaporated in one hour per 1 sq. m. of heating surface : — 

With exhaust steam at 110° C, from water - - 100-110 litres. 
„ „ „ „ „ thin liquors - - 60- 70 

„ thick „ - - 30- 45 

high pressure steam at 130° C, from water - 130-175 

„ thin liquors - 80-100 



ft I) tt It 

thick „ - 40- 55 



it tt tt tt It W"***" ), 



CHAPTER X. 

THE MULTIPLK EFFECT EVAPORATOR. 

Tbe processes which occur ia a multiple evaporator, both in regard 
to the efiicienoy and the coDsmnptioQ of steam, are somewhat more 
compUcated than in a simple evaporator, and not at first sight 
comprehensible. They will, therefore, be treated at some length. 
In oonsideriiig these evaporators there are two questions of principal 
importance, which will he dealt with in the present chapLej 

A. How much water is converted into steam in each sepamts 
vessel oE the multiple evaporator, and how much heating steam doe«: 
eaoh consume ? 

B. What is the composition (percentage of solid or dry maltei^ 
of the liquor in each vessel? 

A, The Evaporative Capacity of Each Vessel 

depends on the following conditions : — 

1. The temperatm'e and pressure of the heating steam. 

2. The temperature and pressure of the steam produced in eaoh 

separate vessel. 

3. The extent to whioh the liquid is to be thichened, and ik 

specific gravity. 

4. The nature of the liquid, with regard to the ease with whi 

it evolves steam. 

5. The height of the boiling layer of liquid in eaoh vessel. 

6. Whether steam is withdrawn only from the fii-st, or also froM 

the following vessels (" extra steam," which may be used 
for heating other apparatus). 

7. Whether the condensed water, from the steam used for heat- 

ing, is separately removed from each vessel or whether it 
all leaves with the temperature of the last vessel. 
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It will be assumed at first that the liquid to be evaporated is 
introduced into the first vessel at the temperature therein prevailing, 
80 that no expenditure of heat is required for raising the temperature 
in the first vessel. 

It will be at once seen that the influence of all the above- 
mentioned conditions on the evaporative capacity cannot be ex- 
pressed in figures, if the results of experience and experiment are not 
specially employed to assist. However, the conditions qf each case, 
though expressed definitely in figures, may change so entirely and 
produce so many variations, that conclusions applicable in all cases 
cannot be drawn from a few cases, without great inaccuracy. 

The process of evaporation is as follows : — 

The steam from the liquor in the first vessel, D^, produced by 
the action of the hot steam, Z>q, which is supplied externally, passes 
into the heating chamber of the second vessel, there in its turn 
produces vapour from the liquid, and is condensed, escaping with 
the temperature, t^2* prevailing in the lower part of the liquid in that 
second vessel. The weight of liquid, TT, which has lost the weight 
of water, Dj, by evaporation in the first vessel, and which, con- 
sequently, now weighs W - D^, passes, at the mean temperature, 
^^p of the first vessel, into the second vessel, in which the mean 
temperature is only t^^* Thus, in cooling from t^^ to t^2 ^* must 
form steam. If Cg be the total heat of the steam in the second 
vessel, then by reason of the hotter liquor entering from the first 
vessel 

., = (X^M^=lj:_U (55) 

^2 ~ ^"•2 

kilos, of steam must be evolved. 

In the second vessel steam is thus evolved both by reason of the 
heat of the hot liquid itself and also because of the steam, D^ coming 
from the first vessel. 

In the third vessel steam is produced both by the heat of the 
entering liquor (W - D^ - D^) and also by reason of the heat of 
the steam, D^, which is the total steam produced in the second 
vessel. 

In the fowrth and following vessels similar actions are produced, 
so that, in addition to the repeated action of the hot steam, there 
is also the repeated action of the steam produced by the decrease 
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in temperature of the liquor. Since 1 kilo, of steam at 100° C. coDtaint 
more heat than 1 kilo, of ateam at 60° C, it CoUowa that 1 kilo, of 
hot steaui at 100° will prodiica more than 1 kilo, of steaoi at Off, 
Neglecting the eHects of higher boiling points and high oolamns o( 
liquid, and considering simply the action of the steam, we find that 
1 kilo, of steau), evolved in one vessel, must always produce more than 
1 kilo, of steam in the next vessel, since the total heat (sensible and 
latent) of the hot steam is used, mimes the quantity of heat carrie 
away in the condensed water, the temperature of which is eijui 
to that of the boiling liquid in the second vessel. In order to produi 
1 kilo, of ateam from this boiling liquid, there is thus required 
heat proper to 1 kilo, of steam minus the quantity of heat containi 
in the liquid. 



I inL ^ 



z 



'M. "-M. 



^^ 4 ;f%^ > 



This purely schematic process suffers alterations by reason {o| 
the conditions enumerated above. 

Although, as we shall see later, the somewhat oompUcated foi 
multe, based on the principles just laid down for estimating t 
evaporative capacity of each single vessel, have no great practical 
value, yet they will be given here. 
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Figs. 7 and 8 give diagrammatic pictures of double and triple 
effect evaporators, in which the letters represent the conditions 
at their respective positions : — 

W = the weight of liquid introduced into the first vessel. 
U = the weight of liquid drawn from the last vessel. 
if = the temperature of the liquid to be taken into the first 
vessel. 
Dq = the weight of heating steam used in the first vessel. 
Oq =s the total heat in 1 kilo, of this steam. 
Dj, Dj, I>3 = the total weights of steam evolved in the vessels. 

<5i» ^2* ^3 = *^® ^^ ^®** ^^ 1 ^o- of each of these quantities of steam. 
^i» ^2» ^3 = ^® temperatures in the steam spaces of the vessels I.^ 

II., III. 
Ci» ^2* ^m3 = the temperatures of the middle Idyers of the liquor, 
^1.1 » K^y Kz = the temperatures in the lowest layers of the liquor* 
^i» ^2» ^3 == the weight of condensed water running out of the 

vessels. 

The temperature of an evaporating liquid of any considerable depth 
is not the same at all parts, it is lowest at the top, highest at the bottom 
and has a mean value about the middle, since the specific gravity (which 
is almost always more than 1 and may reach 1*4), and the height of 
the column of liquid under which the vapour is evolved, cause a 
higher vapour pressure, and thus a higher temperature of vapour and 
liquid. 

In order to obtain the equations representing the consumption of 
heat in the separate vessels, the following facts are utilised : — 

1. In the condition of equilibrium the quantity of heat supplied 

to one vessel must be equal to that which it gives out. 

2. The weight of the heating steam used in each vessel is equal 

to the weight of the condensed water formed in that vessel. 

For the double effect evaporator the following equations are 
deduced from these conditions: — 

2)^ = 6i, Dj = 62, CT = TF - Dj - Dg (56) 

2>2 = TT - LT - D, 

2>2 » TT - a - Di (67) 
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2) — ^^ (^ji ~ ^"» i) " ^(^2 ~ ^"^a) (53) 

^1 "^ ^2 "" ^«»1 "~ ^«2 



B =A(£i^i-i)±i?(^!M^ll/) 



^0 ~ ^Ml 



(59) 



For the triple effect evaporator the following equations are deduced 
from the same conditions : — 

1 r^_/j_/_/ ^ ' 

*-'! ''ml T^ t-ma ''«2 

DoCo + ( C; + 2)3)^2 = -^2^-3 + -^3^3 + ^^-3 
D./,, + Ut,,.^ + 2)3i.„2 = D.^t^ + P3C3 + C7i«3 

D — -^2(^2 ~ ^"3) '^~ ^ (^>H'2 ~ C3) /^\\ 

^3 ~ ^in2 

£>, + i)., + D3 = TT - U 



^'1 '»»1 ' ^"«2 ^"2 



1)2(^2 ~_W _+ ^(^2 ~ ^ms) _ pp- _ ^' 



^3 ~ ^"•2 



^ \^m2 ^ms) 



\ ^l "^ ''H'J ~ ^'»»1 ■" '«2 ^3 ^mS'' ^3 ^"»2 

'*^(^ml ~ ^W42J 



D,c„ + Wt, = Z),c, + !>„<„, + (PF - Z>)«,., 

-Do(c„ - '-1) + Tr(<, - <„,) = Z>,(c, - «,„,) 
^ i),(c, - L,)^ W{t, - <„,) 



= TF - t7 . . (62) 



"0 ~ '"1 



(63) 



It must be admitted that the formulae for the double effect are not 
very elegant, and for the triple effect are already exceedingly compli- 
cated; for the quadruple effect quite cumbrous formulae would be 
obtained, which are therefore not given here, and which, moreover, 
would not be applicable in practice. 

It would be possible^ by means of these equations for the double 
and triple effect evaporators, to calculate the evaporative efficiency of 
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each single element, and the consumption of steam for the whole 
apparatus for any definite case, if the temperatures prevailing in each 
vessel were known. This is, however, d priori not the case, for in 
order to calculate the efficiency of an evaporator only the following 
are given : — 

1. The evaporation, W - (7, to be accomplished in unit time. 

2. The temperature, t^, at which the liquid enters. 

3. The temperature of the heating steam, t^, and its total heat, c^. 

4. The vacuum in the last vessel, hence t.^ and o^. 

The formulae require, however, as has been said, a knowledge of a 
number of temperatures, which are conditioned by the form and size 
of the heating surfaces, the height of the boiling layer of liquid, and 
the specific gravity of the liquid, all of which are not known d priori. 

It would thus be necessary, if the above equations were to be 
utilised, to assume arbitrary values for these temperatures, without 
warranty that they would really be attained in the constructed 
apparatus. 

Thus the only possible way of recognising the influence of all 
these conditions on the result, lies in calculating the evaporative 
capacity of the single parts of the apparatus for a large number of 
different conditions, chosen arbitrarily, with particular attention to 
limiting values. If the results so calculated be arranged in tabular 
form, then it will be fairly easy to see in each case how the result is 
altered when those conditions (temperatures, pressures, etc.,) are varied 
which are independent of the data. 

It is first necessary to consider in some detail the processes in the 
apparatus, before performing the calculations and arranging the tables. 

It is at once evident the amount of evaporation in each vessel is 
not the same, but rather is different in each, since the liquor, in 
passing from a warmer to a colder vessel, must use its excess of 
heat in evaporating water. The larger is the difiference in temperature 
between two vessels, the larger will be this evaporation, which we 
may call the self-evaporation. The difiference in temperature between 
the single vessels of an evaporator may be very dififerent. 

It is of considerable importance to know how much hot steam 
must be supplied to the first vessel in order to accomplish a certain 
desired evaporation in the whole apparatus. Other conditions being 
the same, this necessary consumption of heating steam will be the 
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Bmaller, the more self -evaporation takes place in the separate v 
On ihia ticcount, also because a more accurate idea of the procedul 
of the evaporation will be obtainei). and finaily because it i 
simplest course (especially if certain approximations be permitted), m 
the next place we ahall find how much water is changed into steun 
by self-evaporation in each vessel of a multiple evaporator in different 
oases arbitrarily chosen, and then how much heatimj steam ia used in 
each vessel, and especially in the first. 

An inspection of Fig. 9 will facilitate the formation of the equations 
given below. 

The specific heat, a-^ of the liquid will in what follows always fa 
taken as unity. Its boiling point will be taken as equal to that a 
water ; if it ia higher, the self- evaporation is somewhat larger. 

In thejirst vessel, by means of the admitted beating steam, d^, thi 
weight of liquor, W, ia first heated from its original temperature, t„ b 
the temperature, f,,,, prevailing in the first vessel, and then by mo* 
heating ateam, il^,, the weight of water, d^, is converted into vapouf 
The condensed heating steam, d^ + (/„ = 6, = D^, flows away at t' 
temperatuie, t^,. 



The coitsumption of heatinij steavi in Ifw first vessel is thus 

III timjirsl vessel the steam, d^. is produced, 
d, = D,. 



■ (< 



The liquor (Tt' - li,), at the temperature („|, enters the sccom 
ressel, in which the temperature is („„ and hence evolves c 
from itself, forming the amount of steam, s^, from its exoess of bea 

(ff-dj ((..,-(.,)■ 

. ('♦•-''iK'-i-'-) 



The steam from the first vessel, (i, = D^, enters the heatii 
chamber of the second and produces steam in the second vessel 

J,(c, - (.,) = d,{c., - t„,) 
therefore , _ 'l^{(:,- (,i) 



<M 
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Thus, in the second vessel the weight of steam, D^, is formed : 

Z,^ = 3^ + d, = (I^:^^%^li=^) + ^li^i^ . (67) 

^2 ~ ^»»2 ^2 ~ ^»»2 

From the second vessel there goes into the third the liquor 
W - D^ - D.2 = W " d^ - S2 - tZg. This liquor is at the tempera- 
ture t,^2 ^^^ ^^^s in the third vessel to the temperature t«,. The 
difference in heat produces the weight of steam, s^. 

s ^ (^- ^1 - ^2 - ^2)(^m2 - ^^3 ) .... (68) 

The steam, 5.,, produced by self -evaporation in the second vessel 
has the quantity of heat, c^ ; in the third vessel it evaporates the 
weight of water, 0-3. 

^^^sjc^j-tj ^g^j 

^3 ~ ^w«3 

Finally, there comes into the third vessel the steam, A,, which in 
its turn produces the steam, d^. 

(^3 = ,^^(''2-" J-3) (70) 

^3 ~ ^nS 

The total weight of steam, Dg, produced in the third vessel is thus 

^3 = *'3 + 0-3 + ^3 

^ { W - d^ - s, - d.^{t,„,2 - ^ ,3) 4- (g g 4- (^o)(Co - ^ .3) ^ .^^j 

^3 ~ ^*n3 

In the fourth vessel there is formed by self-evaporation the 

steam, s^, 

(W - D,- D, - D,){t^, - t,^) 

•^4 = ;; } — • • • • V^) 

« 
also the weight of steam, 0-4, produced by the steam, S3, 

0-4 = '^3(^3 -^m) (73) 

^'4 "" ^'"4 

and the weight of steam, X^, produced by the steam, 0-3, 

^^ ^ <r,(c, - XJ (74) 

Finally, the steam, d.^, produces in the fourth vessel the weight of 
steam, d^, 

d^ = ^-^'^^^'^ "- ^-"-») (75) 

^4 ■■ ^'"4 
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In the fourth vessel there is thus produced the total weight of 
steam, D^, 

Z>4 = «4 + ^4 + 0-4 + A4 

^ {W - (Di + Dg + Dz)\{t^ - tn^) + ( ^3 + ^3 + <^3)(g3 - ^m) (75) 

It is now necessary to make a deviation, in order to simplify 
these still very complex equations, especially in regard to the many 
different temperatures. 

It is known that the temperature of the boiling liquid is not the 
same in all parts ; at its surface the boiling liquid has the temperature 
of the vapour evolved — t^, t^, t^ or t^ — but at the bottom the steam 
bubbles have to penetrate the layer of liquid, they must therefore over- 
come a pressure corresponding to the column of liquid. Thus the 
steam must have a greater pressure at the bottom of the liquid than 
at the top, and to this pressure corresponds a higher temperature of 
the steam. 

If 8f be the specific gravity of the boiling liquid, h^ its height in 
metres, B the height of the water barometer = 10*333 m., then the 
hydrostatic pressure at the lowest level of the liquid is, in atmospheres, 

P-'-^ (77) 

or in millimetres of mercury, 

b = Vj^yjeO ....... (78) 

By means of this equation, the pressures of columns of liquid 
0*2 to 20 m. in height, of specific gravities, s^, from 10 to 1*4, have 
been calculated ; the pressures are given in column 3 of Table 16. 
By adding to this pressure, the pressure above the liquid, the total 
pressure is obtained at the particular place, and thence, by means of 
the tables of Fliegner, Zeuner, etc. (see Table 9), the temperature of 
the vapour or liquid. The difference, t„^ - ^j, is the number of degrees 
of temperature by which the liquid at the bottom must be hotter 
than at the surface, in order to evolve steam. 

In the diagram (Fig. 10) the abscissae give the pressures of water 
vapour from 0-2 atmos. in cms. , the ordinates the temperatures of the 
vapour at these pressures, according to Zeuner. By means of this 
diagram the temperatures in Table 16 were determined, by adding to 
the absolute pressure over the liquid the hydrostatic pressures given 



^ ID coIuuiQ 3, and (ben seeking in the diagram the teiiipefatiue 
corresponding to the nam. 

Curie ahowiug the tempenlores of steam at absolute pressures from 
H to 162 cms. of merenry. 
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■ Fio. 10. (,/««*« 
^1 Etnvipte.—Ai a vacuum al 668 mm. the absolute pressure ia di tnm. ot 

^P b = ''-'1.''^™ = 147-1 mm. (equBtion 78). The total pressure at the boBiwB 
of the liquid i» thus 92 + H7-1 = 239-1 mm. At tbia pressure the diagriin &I 
Fig. 10 gives 70^ C. The temperature ot the liquid at the top in 50' C. thus ttll 
diflereuce in teniperalure between top and bottom is (,,-(, = 70° - SO* = 20° Q 

/ It wiU be seen from Table 16 that in the case of liquids under fl 

/ pressure of 1 Htraoa. or more, the differences between the boiling point* 

/ at the top and bottom are not very gruat, and are even quite rooderafc 

/ when the specific gravity and the height of the column of boiling liquk 

are great. If, however, there is a vacuum above the Uquid, the dif^ 

lerenoe between the upper and lower boiling points increases oonsidep 

ably, and, in the case ot heavy liquids and high vacua, has a vorj 

' There is. aa we shall at once see, a circumstance which iiiakai 

/ liquid less sensible, but in spite of that the rule remaina that it it 

1 W( the interest of a ijrtal evaporative capacity to dimmish ai far at 
poitible the fveight of the boiling layer of liquid, in order to lose at 
little as possible of the fall in temperature. 

4 L i 
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The reason why the lower layers of violently hoiling liquids, 
which are under the whole pressure of the column of liquid, are not 
at a temperature corresponding to their hydrostatic pressure, is the 
following : — 

Consider a steam bubble rising through the liquid as divided by 
a horizontal plane at its greatest section, then a greater pressure is 
exerted on the lower half from below than on the upper from above. 
If the steam bubble had the shape of a cylinder with vertical axis 
and horizontal ends, the difference in pressure would be equal to the 
pressure of a column of liquid of the height of the cylinder. If the 
bubble were spherical, the difference in pressure would be equal to 
the height of a coluipn of liquid of half the diameter of the sphere. 
(The upward force itself is equal to the weight of a quantity of liquid 
equal in volume to the bubble.) 

In large vessels, in which many steam bubbles are rising at all 
parts, the hydrostatic pressure is not altered on this account, also in 
tubular heaters a small layer of liquor on the wall of the tube, con- 
necting the liquid above and below the steam bubble, transmits the 
total hydrostatic pressure below. The larger and higher the bubble, 
the greater is the difference between the pressures acting on it from 
below and above, and this excess of pressure rapidly drives up the 
bubble and the Uquid above it. 

The kinetic energy of the liquid thus produced often raises 
considerable quantities above the surface, which then fall back and 
sink down at less heated parts of the apparatus. There is thus 
produced a circulation : the boiling liquid rises rapidly on and above 
the heating surface, gives off its steam and excessive heat and then 
returns cooled to the bottom. 

The falhng liquid is thus in fact cooler than it must be in order 
to form steam at the bottom, since it is only at the temperature of 
the surface. The difference in temperature (fall in temperature) 
between it and the heating steam is thus at first greater than it 
should be as a consequence of the hydrostatic pressure. 

It should not be assumed that the differences of temperature, 
given in Table 16, between the upper and lower layers of boiling 
liquids, quite represent the actual conditions. These differences are 
in fact always less and only hold good for liquids at rest, which are 
not considered here. 

Since the heights of the columns of liquid are generally made as 
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Table 16. 

Increase in vapour pressure and rise in boiling point in the lowest 
gravities, Sf, of 1 '0-1-40, and steam pressures over the liquid of 



Temperature of evaporation at top - C. 
Absolute pressure at top - - mm. 
Vacuum at top - - - - mm. 


116-4° 
1830 


111-7° 
1140 


106-3° 
950 


lOOP 

7eo 


Height of 
the liquid, 


Specific 
gravity of 
the liquid. 


Hydrostatic 
pressure of 
the liquid. 

mm. of 


Temperature, in degrees Centigrade, 


Metres. 


1-0 


mercury. 

15-49 










0-20 


0-0 


0-5 


0-5 


0-5 




1-1 


1703. 


00 


0-5 


0-5 


0-5 




1-2 


18-58 


00 


0-5 


0-5 


0-5 




1-3 


2013 


0-5 


0-5 


0-5 


1 




1-4 


21-68 


0-5 


0-5 


0-5 


1 


0-50 


10 


38-73 


0-5 


0-5 


1 


1-5 




1-1 


42-60 


0-5 


1 


1 


1-5 




1-2 


46-76 


0-5 


1 


1 


2 




1-3 


50-34 


0-5 


1 


1-5 


2 




1-4 


54-22 


0-5 


1 


1-5 


2 


0-75 


10 


58-10 


0-5 


1-5 


1-5 


2 




11 


63-90 


1 


1-5 


1-5 


2-5 




1-2 


69-72 


1 


1-5 


1-5 


3 




1-3 


75-53 


1 


1-5 


2 


3 




1-4 


81-34 


1-5 


2 


2 


3-5 


10 


10 


77-47 


1-5 


2 


2 


3-5 




11 


85-21 


1-5 


2 


2-5 


3-5 




1-2 


92-96 


1-5 


2-5 


2-5 


35 




1-3 


100-71 


2 


2-5 


2-5 


3-5 




1-4 


108-45 


2 


2-5 


3 


4 


1-5 


1-0 


111-20 


2 


2-5 


3 


4-5 




11 


122-30 


2-5 


3 


3-5 







1-2 


133-44 


2-5 


3 


3-5 


5 




1-3 


144-56 


3 


3-5 


3-5 





t 


1-4 


151-68 


3 


3-5 


3-5 


5 


20 


10 


154-91 


3-5 


3-5 


3-5 


5 




11 


170-40 


3-5 


4-5 


4-5 


6 




1-2 


185-89 


3-5 


4-5 


5 


6 




1-3 


201-38 


4 


4-5 


5 


7 




1-4 


216-87 


4-5 


5 


5-5 

1 


7-5 



LOSS OP THE FALL IN TEMPERATURE. 



7& 



Table 16. 

layers of evaporating liquids at depths of hf = 0'2-2*0 m., specific 
1310 to 31*5 mm. of mercury. (Loss of the fall in temperature.) 



96° 

633 
126 



90° 


80° 


70° 


60° 


60" 


40° 


626 


364 


233 


148-7 


92 


64-9 


234 


406 


626 


611 


668 


706 



30° 
31-6 
728 



by which the boiling point of the liquor is higher at the bottom than at the top. 



0-5 


0-5 


1 


1 


2-5 


2-5 


5 


6-5 


0-5 


0-5 


1-5 


1-5 


2-5 


3 


5 


7 


1 


1 


1-5 


1-5 


2-5 


3 


5 


8 


1 


1 


1-5 


1-5 


2-5 


3-5 


5-5 


8-5 


1 


1 


2 


2-5 


3 


4 


5-5 


9 


2 


1-5 


2-5 


3-6 


4-5 


6-5 


10 


15 


2 


2-5 


2-5 


4 


5 


7 


10 


15-5 


2-6 


2-5 


3 


4-5 


5-5 


9 


11 


16 


2-5 


2-5 


3 


5 


6 


9-5 


12 


17 


2-5 


3 


3-5 


5 


6-5 


10 


13 


18 


2-6 


3 


4 


5 


7 


10-5 


14 


19 


3 


3-5 


4-5 


5-5 


7-5 


11 


15 


20 


3 


3-5 


5 


6 


8 


12 


16 


21 


3 


4 


5 


6-6 


9-5 


12-5 


17 


22 


3-5 


4-5 


5 


7 


10 


13 


18 


24 


3-5 


4-5 


5 


7 


9-5 


13 


18 


22 


4 


4-5 


5 


7-5 


10-5 


13-5 


19-5 


24-5 


4 


5 


5-5 


7-5 


11 


15 


20 


26 


4-6 


5 


6 


8 


12 


15-5 


21 


27-5 


4-6 


5 


6-5 


9 


12-5 


16-5 


22 


29 


5 


5-5 


6-5 


9-5 


12-5 


17 


22-5 


29-6 


5 


6 


7 


10 


13-5 


18 


23 


31 


5 


6-5 


7-5 


11 


14-5 


19-5 


25 


32 


6-5 


7 


8-6 


12 


15 


20-5 


26 


34 


6 


7 


9 


12-5 


16 


21 


27-5 


35 


5-5 


7-5 


9 


12-5 


16 


21 


27-5 


35-5 


6-5 


7-5 


10 


13 


17-5 


23 


29-5 


36-5 


7 


8 


10 


14 


18-5 


24-5 


30 


38-5 


8 


9 


11 


15 


20 


25-5 


32 


39 


8-5 


9-5 


12 


15-5 


21 


26-5 


33-5 

• 


41 
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small as possible, and farther, since the liqtlor in the first vessels of 
the apparatus rarely has a high specific gravity, in most cases in 
calculating the qiiantity of steam developed in ea^ch vessel this difference 
in temperature between the top and bottom may be neglected without 
introducing any considerable error. In fact the error due to this 
approximation is for the first vessel rarely more than 0*25 per cent., 
for the last vessel about 1 per cent., of the steam produced by self- 
evaporation, and may thus safely be neglected. 

In determining the efficiency of the heating surface per sq. m, and 
the temperature difference, this difference between the temperature at 
the top and bottom of the liquid should not be neglected. 

To return to the equations. In agreement with the preceding 
remarks, by neglecting the differences in the temperatures of the liquor, 
and thus removing those temperatures which are d priori unknown, 
the equations previously given may now be written as below. 

Consumption of heating steam in vessel I. : — 

j^^^mtLZltt^b^Pl^JA (79) 

Steam from vessel I. : — 

-Di = ^1 (80) 

Steam from vessel II. : — 



_ {w - d,){ t, - y + d,{c , - t^) 



(81) 



^2 ^2 ^2 "" ^2 



Steam from vessel III. : — 

J) ^ {^^ - d,- s,,- d.^{t, - g 4- {s., - d,,)(c, - t^) 

3 ~ _ f 

53 - - — — a., = — 

C3 (^3 Cg - f.2 



(83) 
(84) 



"^3 - ^ _ / " "3 ;; } — .... too) 

^3 ""a ''3 ~ '3 



Steam from vessel IV. :• 



T) _ {W-D,-D,- D,){t, - t,) + {d, + 53 + a^){c, - t,) 



(86) 





Cs- 


-<6 


e 


_(W- U){c, - t,) 


^ _ d,(c, - t.^) 


*5 


"5- '5 


C^ "" vrt 




* ~ c - t 


,7 _ <^2(C2 - '3) 
3 ~ ~C - t ~ 




' "5 - <5 
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,^^^Jh^ d^^^JhJiJA. . . . (88) 

^4 ~ '4 ^3 " ^3 

X, = ?3i^^) d, = ^5(^^. . . . (89) 

^4 ~ ^4 ^4 ~ ^4 

Steam from vessel V. : — 

p^- (^-A-A--P3-^4)(^4-^6Hfa+<^4 + A, + (^,)fa-g ^QQ^ 

. . . (91) 

. . . (92) 

. . . (93> 

. . . (94> 

To proceed now, by the aid of these equations, to calculate the 
steam evolved in each vessel in any special case : for this calculation 
only the following are known : — 

1. The quantity of liquor introduced, W, and its temperature, tf, 

2. The quantity of evaporated liquor drawn off, (7, and its tem- 

perature, t^ (i.e.y U, ^3, ^4 or ^5). 

3. The temperature and heat of the heating steam, t^ and c^. 

4. The temperature and heat in the last vessel, t^ and c„. 

All the remaining values, especially the temperatures and 
pressures prevailing in the separate vessels, are unknown, for they 
depend essentially upon the ratio of the heating surfaces of the 
separate vessels to one another, and this ratio is different in almost 
every apparatus. It must thus be our next endeavour to ascertain 
the most favourable proportion of the heating surfaces, in order that 
the conditions for the least consumption of steam (D^ may be 
found, and also that dimensions corresponding to its evaporative 
capacity may be given to each vessel. However, it is impossible at 
present to calculate these values for any special cases, because of the 
want of knowledge of the temperatures, consequently the only course 
is to assume the temperatures in the separate vessels for many cases, and 
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«specuJly for the timiiiof; coses, and oa these assttmptioDs to otcultu H 
the correepoDding evapor&uve c&pocity of each ressel. When these I 
rs&uy cases have bten arraage^i io tabular lorm. it will be eaay to B 
select the best in each cas«. It veil] also appear from the ealculationiH 
that the amount of evaporalioo effected in the first vessel, and aUu lAtl 
actuai coruumptton of k^atimj tteam by the miiltijtle efffct evapontatj^ 
are not to any eotuidtrahU txtutt profiortwnal to the/all in temperatvnjU 

In Table 17 is giren the amount of evaporation obtained in doubtoJ 
triple and quadraple eflfect evaporators, io the separate vessels <^M 
which different falls in temperature are assumed. The figures are loB 
the evaporation of 100 litres of liquor to one-tenth (O'l), and ond 
quarter (025) : intermediate cases are not given, since it is found thafl 
the extent of the evaporation has not much influence upon the outpatr^_ 
the reason being that the larger the portion of the original hqoor 
which is not to be evaporated, the larger is the volume o( liquor taken 
from vessel to vessel, and consequently also its self-evaporatior 
the nest vessel. But this self-evaporation (which is the causd of the 
icrcater evaporation in the later vesisels than in the earlier) is always 
but a small fraction of the whole evaporation. The method i 
calcolating Table 17 will at once be illustrated liy means of i 
example. It is always assumed that the liquor enters at the tempera- 
ture of the first vessel, (,. A lower temperature of the ante 
liquor, which frequently occurs iu pi-actice, must naturally be cod) 
pensateil in constructing the apparatus by increasing tlie heating 
fiurfaoe of the tirst vessel ; we ahall afterwards return to this point 

In Table 17 are first given the temperatures (,. t^. t^. (, ifl 
separate oolummi), which are assumed as prevailing in each v 
This is done for many oa»es, as far as possible for the limiting con^ 
tions. Also apparatus is considered which works at pressures atmn 
atmospheric, without an air-pump, e.'j.. in the second line for the tftjA 
effeot : — 

Vessel I., 130" ; vessel II.. 115° ; vessel III., 100°. 

Then, oon-esponding to each temperature, arc given the toh 
calories, c^, c,. r„ c„, c,, contained in 1 kilo, of steam at thea 
temperatures. 

F.rainptr. — 100 lilreb □! li<]uor are to lie evaporated lu 10 litres in a quadru|ll 
efteet evaporator, In tlio elemeota of which tho tempccaturcB 100°. 96°, BS" and U 
C aio maintaiiied, Hatr much water is evaporated in each vesiiel? 
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In accordance with what has gone before, the problem can only be solved by a 

process of trials. 

If 90 litres are to be evaporated, were there no self -evaporation, each vessel 

90 
would evaporate -j- = 22-5 litres ; we know, however, that, as a matter of fact, by 

self -evaporation, the following (unknown) weights of steam are produced in the 
later vessels : s,, s. + <rj, S4 + 0-4 + X4. Let us, therefore, assume as a jyreliminary 
that the evaporation is divided as follows : — 



Vessel - - - 


L 


II. 


III. 


IV. 




Evaporation - - 20 


22 


23 


25 ] 


iitri 


Liquor introduced - 100 


80 


58 


35 


«< 


The self-evaporation 
is then 


r 


Sj = 0-75 


55 = 106 
era = 0-745 


«4 = 2-14 
<r4 = 1-08 
A4 = 0-756 





These weights of steam produced by self-evaporation are found from equations 
T9-89, assuming the total evaporation in each vessel, as follows : — 

The self-evaporation in vessels II., III., and IV. is 

^ Cj - ^2 635-5 - 95 . 

_ (TF - A - J^2)(^a - t,) _ 58(95 - 85) _ 
' "" ^T^"^^ ~ 632 - 85 " ^ ^ ^'*'*- 

__ {W - D, - D, - D,)(t, - t,) __ 35(85 - 50) _ 

'* ~ ^T^i;; ~ 691-7 - 50 - ^^* ^'^°^- 

The evaporation produced in vessel III. by means of the steam, Sj, is 

«2(C2 - Q 0-74(635-5 - 85) ^ „,^ , ., 
"•^ = ^^ = 632-58 = ^-^^^ ^^^^- 

In the vessel IV. s^ evaporates 

33(0, - g 1-06(632 - 50) . r^a^^^ 

^* = cf^t: - 621-7 - 50 ^ = ^'^^ ^^°- 
Finally, cr, effects in vessel IV. the evaporation, X4, 

Thus the preliminary calculation gives the following series of results : — 

Vessel ... I. II. III. IV. 

Evaporation - - 20-87 2162 2267 2485 litres. 

Liquor introduced - 100 7913 57'51 3485 kilos. 

These results do not differ considerably from the assumptions made. If they 
are made the basis of a fresh calculation, in order to obtain greater accuracy, wo 
have in a similar manner : — 
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7913(100 - 96) - _„. ,.^ 
»« = 635-95 • = "''^ ^*"- 
_ 57-51(95 - 85) _ 
*' - 632-85 ~ ^ "** 

_ 84-85(85 - 50) _ 
'* - "621 -7" 50" -^^^ 
_ 0-7325(636 - 86) _ 

''- "'632^85 "''* 

_ 1061(632 - 50) _ 
'<- 621-7^60 -^'" 

_ 0736(632 - 50) _ 
*^- 621-7-50 -"^*'' 



f» 



ft 



ft 



ft 



»» 



From this final calculation we obtain the figures : — 



Vessel - - - I. 
Self-evaporation - 



II. 
s„ = 0-7325 



III. 
S3 = 1-051 
cTj = 0-736 



Total, 1-787 



IV. 
54 = 2133 Utres. 
(r4 = l-07 
X4 = 0-749 



t* 



Total, 3-952 



»t 



»» 



Self -evaporation and its consequences thus produce an evaporation of 0*7325-1- 
1*787 + 3-962 = 6-4715 litres of water; there remain still to evaporate 90- 
0*47 15 = 88-5285 kilos., which weight is divided almost, but not quite, equally 
between the four vessels, in such a manner that the steam from one vessel 
always evaporates rather tnore than its own weight from the next vessel. 



83-5285 = (1^ + rf, -^ -^ + d^ ^i— 



^12 C3 - t, 



+ rfl 



Ci - ^ C2 — ^ Ca "• ^4 



J 1 . 687 - 96 687 - 95 



C3 - h 



635-5 - 85 
686-5 - 96 ' 635-5 - 95 632 - 86 

687 - 95 636*5 - 85 632 - 50 



Cx - U 



+ 



2 - 50 \ 
*7 - 60/ 



686-5 - 95 632 - 85 621 

=: rfj{l + 1-004 -H 1004 X 1-006 -i- 1*004 x 1*006 x 1*02). 

= (/,4 044. 

83-5285 
Therefore rf, = --^—.7- = 20-665 litres of water. 

4-044 

d.^ = 20-665 X 1-004 = 20781 litres of water. 

r/3 = 20-781 X I-(XXJ --= 20-860 

d^ = 20-860 X 1-020 = 2126 



t> 



)t 



Thus each vessel, including the self-evaporation, evaporates the following 
quantities of water: — 

Vessel ... I. II. III. IV. 

Ilegular evaporation - 20655 20781 20-850 21-26 litres. 
Self-evaporation - 0-78l\5 1-787 3-952 



t> 



Total 



20-656 -H 21 -46:^6 + 22687 + 25212 = 89*9676 litres of water. 
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Table 17. 

The Weights of Steam evolved in each separate vessel of a double, 
triple and quadruple efifect evaporator per 100 litres of liquor: 
d^, ^2, etc. ; Sj, 8^, etc. ; o-g, 0-3, A^ ; by transference of heat and 
by self-evaporation, when the liquor is evaporated to 01 and 0*25 
of its original weight. Regular evaporation (without extra steam) 
in apparatus with different falls of temperature. 





Double 


effect. 


Evaporation to 01 W. 


Evaporation to 0-25 W. 


h 


^ 


t^t 


Ca 


A 


«a 


d. 


D, 


A 


«2 


d. 


D, 


100 


687 


50 


621-7 


41-6 


4-98 


43-42 


48-40 


33-97 


5-7 


35-33 


41-03 


100 


637 


60 


624-8 


42-15 


405 


43-8 


47-85 


34-52 


4-58 


35-9 


40-48 


100 


637 


70 


627-8 


42-64 


3-03 


44-33 


47-36 


35-08 


3-44 


36-48 


39-92 


95 


635-5 


50 


621-7 


41-9 


4-5 


43-6 


481 


34-20 


5-23 


35-57 


40-60 


95 


635-5 


60 


624-8 


42-4 


3-49 


44-11 


47-6 


34-82 


3-99 


36-18 


40-17 


95 


635-5 


70 


627-8 


42-9 


2-52 


44-58 


47-1 


35-3 


2-86 


36-7 


39-66 


90 


634 


50 


621-7 


42-3 


3-71 


43-99 


47-70 


34-7 


4-23 


36 


40-23 


90 


634 


60 


624-8 


42-29 


2-49 


45-22 


47-71 


36-17 


3-24 


36-59 


39-83 


90 


634 


70 


627-8 


43 


1-99 


45-01 


47-0 


3613 


2-28 


37-69 


39-87 


85 


632 


50 


621-7 


42-3 


3-7 


44 


47-70 


34-95 


3-7 


36-36 


40-05 


85 


632 


60 


624-8 


42-29 


2-49 


46-22 


47-71 


35-3 


2-82 


36-7 


39-52 


85 


632 


70 


627-8 


43-4 


1-46 


45-14 


46-60 


36-96 


1-65 


37-4 


3905 


80 


631 


50 


621-7 


42-15 


2-96 


44-89 


47-85 


36-1 


3-36 


36-64 


39-90 


80 


631 


60 


624-8 


43 


2-06 


45 


47 


35-69 


2-18 


37-13 


39-31 


80 


631 


70 


627-8 


43-6 


1-00 


45-4 


46-4 


.36-22 


1-11 


37-67 


38-78 


135 


647-7 


100 


637 


42-3 


3-67 


44-03 


47-7 


34-72 


416 


36-12 


40-28 


122-5 


643-8 


100 


637 


42-9 


2-34 


44-76 


47-1 


35-46 


2-65 


36-89 


39-64 


108 


639-6 


70 


627-8 


42-3 


3-84 


43-86 


47-7 


34-66 


4-31 


36-04 


40-84 


102-5 


637-3 


60 


624-8 


42 


4-25 


43-76 


48 


34-40 


4-81 


36-79 


40-60 


97-5 


636-5 


50 


621-7 


41-8 


4-72 


43-48 


48-2 


34-10 


5-33 


35-57 


40-90 


115 


641-6 


50 


621-7 


40-8 


6-77 


42-43 


49-2 


32-66 


7-49 


33-95 


41-44 


115 


641-6 


60 


624-8 


41-4 


5-60 


43-00 


48-6 


33-64 


6-37 


34-99 


41-36 


115 


641-6 


70 


627-8 


41-9 


4-59 


43-51 


48-1 


34-2 


5-23 


35-67 


40-80 


Average 


42-30 


3-486 


44-2 


47-67 


34-38 


3-945 


36-92 40-15 




D,:D^ = 


1:112 


17 


Dj : Da = 


1:1-17 






Minimum 


1:1-20 


6 




1 : 1-272 






Maximum 


1 : 1-07 


f 




1:107 






D^:d^ = 


1:1-04 


t5 


A'^ = 


1 : 1-041 






Minimum 


1:1-07 


r 




1 : 1-042 






Maximum 


1:1-04 


t 




1:1-04 
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Table 17 — (continued). 







TripU 


' effect. 






Evaporation to 0*1 W, 




h 


^1 
049 


130 


<^2 


^5 


Ca 


A 


«2 


d^ 


A 


h 


140 


040 


100 


637 


27-8 


1-39 


28 


29*39 


2*34 


180 


04() 


115 


041-6 


100 


637 


27-7 


2*04 


28 


80*04 


1*17 


180 


04() 


115 


641-6 


50 


621-7 


26-66 


2-07 


26-82 


28*89 


4*78 


130 


040 


115 


641-6 


60 


624-8 


26-8 


207 


27 


29*07 


4*10 


130 


(>40 


115 


041-6 


70 


627-8 


26-8 


207 


27-1 


29*17 


8*39 


125 


044 


105 


638-5 


60 


624-8 


26-66 


2-60 


26*82 


29*42 


3*4 


125 


044 


105 


638-5 


70 


627-8 


26-66 


2-60 


26*82 


29*42 


2*8 


120 


048 


110 


640 


100 


637 


28-37 


1-32 


28*66 


29*97 


0*78 


120 


()48 


95 


085-5 


50 


621-7 


26-17 


3-38 


26*43 


29*81 


8*3 


120 


0i3 


95 


085-5 


60 


624-8 


26-4 


3-38 


26-6 


29*98 


2*6 


120 


()43 


95 


035-5 


70 


627-8 


26-64 


3-38 


26*96 


30*34 


1*86 


115 


041-0 


95 


035-5 


70 


627-8 


27-16 


2-6 


27-43 


30*03 


1*86 


115 


041-0 


90 


1 084 


60 


624-8 


-26-8 


3-1 


27 06 


30*16 


1*94 


115 


041-0 


85 


082 


1 50 


621 -7 


25-96 


4-03 


26-22 


30-26 


2-60 


105 


(>88-5 


95 


035-5 


1 50 


621-7 


27-54 ! 1-33 


27-81 


2913 


3-3 


105 


088-5 


95 


1 085-5 


00 


624-8 


27-72 ' 1-33 


2S04 


29-37 


2-6 


105 


088-5 


95 


085-5 


70 


, 627-8 


28 1-38 


28*2 


29-53 


1-86 


100 


087 


90 


1 084 


50 


1 621-7 


27-78 


1-31 


28-05 


29-36 


2*6 


100 


(>87 


90 


' 084 


00 


' 024-8 


28-08 


1-81 


28-31 


29-62 


1*94 


100 


()37 


90 


034 


70 


; 027-8 


28-30 


1-31 


28*48 


29-79 


1*30 


100 


()87 


80 


(•)31 


50 


021-7 


27-08 


2-62 


27*30 


29*92 


2*20 


100 


(>87 


i 80 


1 081 


CO 


024-8 


27-28 


2-62 


•27-55 


30*17 


1*45 


100 


(>87 


80 


081 


70 


' 027-8 


27-54 


2-62 


27-81 


30*43 


0*75 


97 


080 


84 


082 


70 


1 027-8 


27-94 


1-70 


28*17 


29-87 


1*00 


95 


085-5 


80 


1 081 


1 50 


1 021-7 


'27-48 1-9 


27*70 


29*60 


2*2 


95 


085-5 


80 


1 (>81 


00 


024-8 


27-74 1-9 


27-94 


29*84 


1*46 


9H 


035 


70 


, ()30 


GO 


1 024-8 


27-61 2-26 


27-88 


30*13 


1*18 


90 


()84 


80 


' 081 


1 50 


021-7 


27-91 1 1-30 


28-18 


29*48 


2*2 


90 


(>34 


70 


! 027-8 


. 50 


021-7 


•27-31 2-58 


27-58 


30*16 


1*45 


95 


085-5 


i 85 


, (>82 


50 


021-7 


27-78 1-81 


28*06 


29*36 


2*60 


95 


085-5 


. 85 


1 082 


00 


024-8 
\veragc 


28-02 
-27-38 


1-31 


28*30 
27*59 


29*61 


1*86 


2-147 


29*72 


2*22 
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Table 17 — {continued). 



Di'.D^: 


A,= 




Di : Dj : Dj = 




1: 


1-088: 1-2048 




1: 


1106: 1-26 


Dj : d^ : 


1 : 101 : 1-041 


Evaporation to 0-25 W. 

D^.cLi'.d^- 
1: 


1-01 : 1-039 


o'a 


1 

1' 
29 


D, 


1 


1 


d^ 


A 


1 

1 

1 


d, 1 A 


1-44 


32-78 


22-62 


1-49 . 


22-84 


24-33 


3 1-51 


23-54 28-06 


212 


291 


32-39 


22-62 


2-20 22-84 


2504 


1-5 2-24 


23-54: 27-28 


215 


27-62 


34-55 


21-10 


2-23 


21-31 


23-54 


6-16 2-27 


21-95 i 30-35 


215 


27-95 


34-20 


21-395 


2-23 1 21-6 


22-83 


5-25 . 2-27 


22-26 j 29-78 


215 


28-49 


34-03 


21-74 


2-23 1 21-95 


2418 


4-18 2-27 


22-63' 29-08 


2-7 


27-62 


33-72 


2131 


2-9 1 21-52 


24-42 


418 . 2-96 


22-18' 29-34 


2-7 


27-62 


3312 


21-57 


2-9 ; 21-78 


24-68 


3-35 2-96 


22-44 , 28-75 


1-37 


29-77 


31-92 


23-34 1-4 i 23-57 


24-97 


1-0 1-42 


24-271 26-69 


3-51 


27-22 


34-03 


20-83 3-6 : 21-03 


24-63 


4-2 3-67 


21-67; 29-54 


3-61 


27-5 i 33-61 


21-10 ■ 3-6 1 21-31 


24-91 


3-36 3-67 


21-96! '28-99 


3-51 


27-71 ' 33-08 


21-41 3-6 21-62 


25-22 


2-42 3-67 


22-28 28-37 


2-7 


28-25 32-81 


21-91 j 2-85 2212 


24-97 


2-42 2-9 


22-80 28-12 


3-2 


27-64 32-78 


21-31 


3-53 21-52 


2505 


2-9 3-6 


22-18 27-68 


419 


27 33-79 


20-63 4-31 20-83 


25-14 


3-37 4-39 


' 21-47 29-23 


1-38 


28-65 33-33 


22-27 


1-42 22-49 


23-91 


4-2 1-44 


' 23-17 28-81 


1-38 


28-88 32-86 


22-53 


1-42 22-75 


24-17 


3-36 1-44 


23-56; 28-30 


1-38 


29-2 32-44 


22-86 


1-42 2208 


24-50 


2-42 1-44 


23-78 27-64 


1-36 


28-90 ' 32-86 


22-41 1-41 1 22-63 


24-04 


3-78 ; 1-44 


23-34 i 28-55 


1-36 


29-251 32-45 


22-70 i 1-41 22-92 


24-33 


2-9 1 1-44 


23-64 27-97 


1-36 


29-35 


3001 


23-04 


1-41 i 23-27 


24-63 


1-89 1-44 


23-96 27-98 


2-72 


28-12 


33 04 


21-77 


2-83 ! 21-28 


24-81 


2-89 ' 2-88 


22-65 28-42 


2-72 


28-38 


32-55 


2209 


2-83 22-31 


25-14 


1-89 1 2-88 


; 2300' 27-77 


2-72 


28-65 


3212 


22-40 


2-83 22-62 


25-45 


0-97 ' 2-88 


. 23-30; 2715 


21 


29 


3213 


22-94 


1-81 23-16 


24-97 


1-35 1-84 


\ 23-901 27-09 


2-25 


28-52 


32-97 


22-31 


2 


22-53 


24-53 


2-89 2-04 


! 23-23' 28-16 


2-25 


2S-79 


32-49 


22-64 


2-0 


22-86 


24-86 


1-89 , 2-04 


1 23-57! 27-5 


2-34 


28-79 


32-26 


22-52 


2-30 


22-74 


25-10 


1-53 ! 2-4 


23-45; 27-36 


1-35 


29-06 


32-61 


22-73 


1-37 


22-95 


24-32 


2-89 1 1-39 


23-67! 27-95 


2-68 


28-41 


32-54 


22-13 


2-77 ' 22-35 


25-12 


1-90 1 2-82 


23-03 27-75 


1-36 


28-90 


82-86 


22-58 


1-39 


22-81 


24-20 


3-31 ' 1-41 


i 23-49 28-21 


1-36 


2916 


32-37 


22-89 


1-39 


23-11 


24-50 


2-40 : 1-41 


23-80, 27-61 


2-244 


28-46 


32925 


22-12 ' 2-295 


' 22-335 


24-47 


2-89 ! 2-335 


22-99' 27-89 
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Table 17— (continued). ^^^B 


Qluldrui-tr effcd. 


._..„,, 1 


h 


«! 


1 


Li 


*. 


e. 


u 


e* 


A 


'>! 


d, D, 


*» •» 


-■1' 


1*0 


M9-7 


135 


6i7-G 


1H5 


6416 


100 


637 


,>,,,,, 


' ~ 


1. ■.',!■ n-r- 


-r.-i'. li 


131 


64T'3ll2!t|G41 


iia 


0106 


100 


637 




, ,■ , ;- .. . IS a3 


130 


646'6)113:641-e 


100 


037 


50 


021 -T 




■ ; JS 


190 


MU'C ualfHi-fi 


100 


637 


60 


624- 




„ aa 


180 iG4(;-i; w. lui li 


lUl ,Ga7 








laiuiiii'O, ya.uati-T 


74 ■& fijya 


&0,mr', 






115 


G4!'e 


100 


037 


80 


631 


50 


6-JI T 






116 


(Hl-f 


100 


fi97 


80 


631 


70 


6^7 - 






106 


688-5 


100 


637 


90 


(131 


50 


m-. 






105 


688-5 


100 


637 


90 


631 


60 


024 - 






105 




100 


687 


90 


631 


70 


627 > 






106 


G36'5 


90 


631 


80 


631 


50 


621 7 






106 


68S-S 


90 


631 


80 


631 


60 


6^1 ^ 






106 


<iB8-6 


M> 


C81 


80 


631 


70 


627 ■■■ 






105 


{J3S-5 


95 


635-5 


86 


632 


70 


627-f* 


2I)-4W, 1-47 l-2O-o?l220a 


1-051 1 47 All-,- .■. 


100 


087 


95 




85 


632 


60 


621-7 


20-65 


0-732 20-73 21-16 


I-05l|0-736aO-P6 -i. 
0-52aO-736 21-17 1. 


100 


637 


95 


636-6 


90 


681 


60 


fiai-s 


21-00 


0-732 21 -06121-79 


100 


687 


95 


636'5 


86 


632 


70 627 -rt 


21-00 




in51|0-736 21-i:i J. 


100 




90 


031 


80 


631 


60 621-7 


20-2 


1-J7 '-(i-^v^r-f-:^ 




100 


687 


90 


631 


80 


631 


70 627-H 


20-55 


i--i: ■■■. ■- ■,■ ■ 




100 
97-5 


637 
6S6'3 


95 
85 


635-5 
632 


SO 
73-5 


631 

62S'6 


CO 6fli-fl 
(K) 624-8 


20-6H 
20-12 


'i'"^-;-' ^ ■" ■; ; 




95 


S35'6 


86 


632 


75 


630 


W 6-2i-- 


■jQH.i r. 




96 


085'5 


85 


632 


75 


6!KJ 






. ".1 1 47 'so-esli 


»5 


6a6'6 


90 




86 


031 






1. -.;--. 0-735 20-08 2! 


95 


6356 


80 


636-5 


66 


sac 




.1, ,u.',',!l^ 


■■'.•> ■2-22 19-53 3! 




1 JLi lTi7 20-li a 


B. i 



1 
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^L Table 17— (ronlimt^. 


'jD, I D r 


D D. D D = 


1 lOh 1 1 12 


1 1 16 1 16 




t-vaporat on W 25 H 


I>^ d 1 i = 


D d, rf I = 


t J ua^^ 1 0095 1 024 


1 1008 1016 


- ' ," 


D 


D 


f. 


d. 


D, 


', 


ITj 


d 


D 


1^ 


<r. 


A* 


d 


1 O- J 21 2 


24 61 


16 77 


089 


16 85 


17 74 


12S 


0K9 


16 93 


19 1 


%2'> 


1 8 


89 


17 01 


X 1 1 >046 


24 Of 


lb 91 


176 


16 39 


18 16 


136 


177 


16 47 


19 69 


109 


135 


178 


lb 15 


X 1 1 IJ S 1 it- 


14 77 


240 


14 91 


17 31 


179 


2 42 


14 99 


19 2 


436 


JS4 


2 49 


16 63 


X 1 


15-02 


2 40 


16 17 


17 57 


179 


2 42 


16 25 


19 « 


3 48 


82 


246 


16 69 


X 1 4 


16 28 


2 40 


15 43 


17^3 


179 


2 42 


15 66 


19 86 


2 67 


eo 


Hi 


16 SO 


X ( 1 i 


15(50 




16 5< 


U 19 


l"- 


ira 


15 65 


18 51 


558 


'6 


1-68 


16 10 


1 1 .i 


15 50 


16 


15 57 


1 19 




If i 15r5 18 51 


4 71 1 26 


168 


1610 




15 


lb2 


16 85 


17 1 




1(1 1 


n\ ■, 


166 


16 22 


X 1 IJ 


14 87 


2 06 


16 01 








1 


8 01 


15 23 




14 44 


335 


14 58 










3 41 


14 86 




13 95 


3 75 


14 OP 










^81 


14 36 


sl-1 1 J 


15 


40 


1 f 










246 


15 36 


' W-12 


2 25 !J 8 4 79 


16 4 










1 1 bl ■0 4 


w\ 37 


2 43 


16 82 


a-07 


07W 31 16 2fi 4G 


16 51 










1 1 16 781 IB 7 
'l 16 68 18 6 
1 17 0«l 19-07 


8 40 1 25 


77 


17 1 


JI-OGfil 


T4S 31 3 34 9? 


16 521 









2bO{124 
1 7fi 1 4 


76 


16 8 




74 "1 SB 24 40 


17 


(1 






76 


17 15 




S 25 yi (r ^ 1 














11 44 11 6 




2^4 






1 M 


Jh 1 


1 X 








2 4 






16 16 


18 45 


120 








14 






16 48 


1 98 


117 








0T4 1 






16 66 


17 14 


117 










0-760, 14/ 10 




U7M 


17 04 


17 85 


060 


07 11 




•1 J lu 17 db 




T4fi 21 ai 24 08 


1 i 
16 25 

16 64 


78 


17 1 


17 8** 


120 


78 17 19 


19 1 


1 321 i 21 8< I b 

2-57 1 H iselib 7 


E-on 


14!) 90'70SS-O> 


t S3 


16 33 


17 8b 


120 

lau 


1 64 16 41 


19 15 




148 !20-96a4 11 


153 


16 bO 


1U81 


1 54 16 bH 


19 42 


9d 121 155 If 84 


K 1-610 


74 1 I OK 4 67 




75 


It ( 


1 1 








I-^UHIO S'lf J4 




' 








' 


' ' 




1 1 ^ ^ 9) ir -1 
1 1 1 11.19 
1 M 1 7, 16 a 


















(10 6' 17 *0 


161 i -1 1 


1 


J 












I I 1 ' IG OC 


1-803 161 I20 48lj^07 


1^ J. 


1 77 


1606 


T7^ 


I 4b 


17 1 16 19 


19 J4 


2 » 1 481 1 701 It JD 
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Results of Table 17. 



Id vessel 



'8 }i* < Double effect 
1 1 ] Triple ., 
'S I* V Quadruple „ 



W = 100 litres of liquor are to be evaporated down 

to 01 W. I to 0-25 TV'. 

There must thus be evaporated from it 

90 litres of water. | 75 litres of water. 



I. 



II. , III. 



IV. 



I. 



II. III. IV. 



45 45 
30 ' 30 
22-5 22-5 



30 
22-5 



I 



22-5 



375 j 37-5 -^ _ 

25 ' 25 25 — 

18-75 i 18-75 18-76 18-75 



According to Table 17 each vessel actually evolves 



•2^ 



f Total - 

I Thus in the ratio 

• Through heating 

I alone 

vThus in the ratio 



43-33 1 47-67 
1 : 1-127 

42-33 1 44-2 
1 : 1-045 



34-38 40-15 — — 

1 : 1-167 — — 

34-88 ! 36-22 — — 

1 : 1-046: — — 



r i'ot 
^ ^ Thus in 
.S^ 't ■ TliroucI 



Total - 

the ratio 



Tlirougli heating 



H ^ I alone 

VThus in the 



ratio 



S r Total - 
3^*3' I Thus in the ratio 
^ oJ ■ Througli heating 
§ *§ iilono 
O ItIius in the ratio 



27-33 29-72 1 32-9*25 
1 : l-aS8: 1-2048 

27-33; 27-59 30-90 
1 : 1-OOG: 1-130G 



20 ; 21-74 '-i^-U 25-17 

1 : 1 (W : 1-157: 1-258 

'20 I •20-07 21-86 23-42 

1 : 1-(X)88: 1-093: M71 



22-12 24-47 27-89 
1 : 1-106:1-26 

22-12 ' 22-335 25-335 
1 : 1009: 1-145 



15-94' 17-79 19-34 21-929 
1 : 1-16 : 1-215: 1-375 

15-94 16-06 ,17-94 1947 
1 : 1-008: 1-125: 1223 



In the mean the toial evolution of steam is in tlie 
Double effect - />, : IK, -:= 1 : 1-147 

^ 0-4(i58 : 0-5442. 
Triple effect - /;, : />.. : />, - 1 : 1-097 : 1-233 

= 0-3(X)3 : 0-3-294 : 0-3703. 
Quadruple elTect - />, : />._. : I). : />^ - I : 1-1-23 : M87 : 1-316 

^ 0-2 101 : 0-2427 : 0*25:^5 : 0*2844. 

In the mean the evaporative capacity (without self-evaporation) is in the 
Double effect - />, : (/.^ = 1 : 1*045. 

Triple effect - /;, : d.. : {<l, -r rr,) -- 1 : 1-0075 : 1-138. 

Quadruple effect /), : d, : k/. -f (t.) : 01 ^ -f- (t, -H A^) = 1 : 1-0055 : 1*109 : 1-1%. 
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Table 17 has been calculated in the manner indicated in this 
example (p. 80). It is now possible to make a satisfactory inspection 
of the evaporatiye action of double, triple and quadruple effect evapo- 
rators, and to see without trouble how much water each vessel really 
vaporises, how much heating steam is used by each vessel, and in par- 
ticular how much heating steam must be supplied to the first element, in 
order to bring 100 litres of liquor from the initial to any desired con- 
centration. It is assumed that the liquid enters at the temperature t^^. 

If an average be taken of the figures in Table 17 for the whole 
quantity of water, D, evaporated in each vessel, and the quantity of 
steam, d, evolved by heating in each vessel (these averages are given at 
the bottom of the table), an extraordinary regularity in the evaporative 
capacity is seen, the extreme cases hardly varying by 5 per cent, from 
the average. The figures (also given in the Table) for the mean ratios 
of the total quantities, D, evaporated in the separate vessels, to 
the portions, d^ evaporated by heating alone in the same vessels also 
vary very little from one another in the extreme cases, so that these 
figures may well be taken as a basis for the general case in practice. 

These proportions of the amounts of steam in each vessel, d^, d^^ 
^3> ^4» will form the basis for the estimation of the necessary heating 
surfaces of the evaporator, to be given later. 

Five important conclusions may be drawn from Table 17 to 
assist in the division of the heating surfaces in the most efficient 
manner : — 

1. The smallest aviount of heating steam required to produce a 
certain amount of evaporation is used in all multiple evaporators^ 
wlien the fall in temperature is tiie same in each vessel. 

2. Hoioever the fall in temperature in the separate vessels be 
arranged, the weight of heating steam to he supplied to the first vessel 
always varies within very narrow limits. Thus the numner m which 
the available fall in temperature is distributed amomjst the separate 
vessels has 7to great influence mi the economy of steam. No considerable 
saving in steam can be obtained by any definite division of this fall m 
temperature. 

3. The quantity of water to be evaporated in the first vessel is, on 
an average, of the total evaporation of the multiple evaporator : — 

In the double effect - ^TTjy = ^'^^^ ^i = (^V - Q 0-4:66. 





Double effect. 


Triple effect. 




I. II. 


I. II. III. 




(/j : d.. 


d^ : d^ : d^ 


(l^ 


I : 1045 


I : 101 : 104 
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In Die triple effect - g^Kgo = 0*300 Dj = (TF - U) 0-300. 

In the qiLodmple effect j^g^g = 0*216 Dj = (TT - U) 0-216. 

Tlie extreme cases are : — 

For the double effect - D^ = (TF - C7) 0-434 to 0484. 
For the triple effect - D^ = (V - C7) 0-2777 to 0-3162. 

For the qrvadruple effect - D^ = (W - 0)01926 to 0-2336. 

4. The ev>aporation effected by heating is in all cases the least in 
the first vesself but tlie increase in the following vessels is not very 
great — at itwst 4 per cent. In the mean it may be assumed that this 
evaporation in the separate vessels is in the 

Quadruple effect. 
I. II. III. IV. 
d^: d^ : d^ : d^ 
1 : 1006 : 1012 : 102 

5. The total quantity evaporated in the last vessel is : — 

In thii double effect - - 0*534 
In the triple effect - - 0*3703 

In the quadruple effect - - 0'284 

()/' thv totdl V vd pant t ion of the apparatus {W - U). 



B. The Percentage of Solids in the Liquid in Each Vessel 

of the Multiple Evaporator, 

In tho [U'oootlin^ section of the chapter it has been found that, 
in |H»rft)nniii^ a cortain amount of evaporation, each separate vessel 
must t^vaporato its proper fraction, ahnost independently of the fall 
in tomporature. In the next place, it is desirable to find the evapora- 
tivt* elViciency of each vessel and the percentage of solid matter in 
(Mich, for Uijuors varying in strength both before and after evaporation ; 
the n*suUs can only be approximate — never quite exact. The total 
(evaporative capacity and the concentration in percentages are given in 
Table 18, which thus contains an answer to the questions: — 
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If a liquor of known strength (4-17 per cent.) is to be concentrated 
to another known strength (40-70 per cent.), how much water must 
with this intent be evaporated in each vessel and what is the concen- 
tration of the liquor in each vessel ? 

The following example illustrates the method of calculation of 
Table 18:— 

Example. — 100 kilos, of a liquor, containing 10 per cent, of solid matter, are 
to be evaporated to a strength of 50 per cent, in a triple efifect evaporator. How 
much water is evaporated in each vessel and what is the concentration in each 
Tessel? 

In order to evaporate 100 kilos, of liquor from 10 per cent, to 50 per cent, 
strength, 100 - (10 + 10) = 80 kilos, of water must be evaporated. 

Of this, according to Table 17, 

Vessel I. evaporates 80 x 08003 == 24 02 kilos. 
„ II. „ 2402 X 1097 = 26-35 „ 

„ III. „ 2402 X 1-233 = 29-62 „ 



79-99 „ 



Thus the first vessel contains 

10 kilos, of solids in 100 - 24*02 = 75*98 kilos, of solution, 
i.e., in the solution there is , ^^ = 13*16 per cent, of solids. 

The second vessel contains 



10 kilos, of solids in 75*98 - 26*35 = 49*63 kilos, of solution, 

[) X 10 
49*63 



i.e., in the solution there is — ' q ..., = 20*15 per cent, of solids. 



The third vessel contains 



10 kilos, of solids in 49*63 - 29*62 = 20-01 kilos, of solution, 

xj 
20 



i.e., in the solution there is — ^ — = 50 per cent, of solids. 
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45 
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45 
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Table 18 — (contin 


W|, 






m 


Double effect. 


Triple Bdeol. 


QuBdniple effect. 






















.ass 


o. 


o. 


». 


D, 


D. 


D, 


D. D, 


». 




1^1 


I. 


II. 


I. 


II. 


III. 


I. 


u. m. 


IV. 




30 1 42 


■33-2 


25-69 


29-06 


17-1 


18-7 20-3 


22-7 




10 


15-62 1 45 


13 02 


19 58 


45 


12 06 


1557 228 


46 






35 41 


■1-2 il 


24 -so 


■2H-67 


165 


17-8 19-4 


21-9 




u 


16 86 ; 45 


14-3 


2088 


45 


1317 


1674 2376 


45 




43-3 48-7 


■28-04 


30-76 


33-62 


20-5 


22-2 


23-6 


25-7 




4 


7 06 1 50 


5-56 


97 


50 


503 


695 


1185 


50 






4i-2 1 il-a 


27-34 


29-74 


32-92 


20 


21 '7 




25-1 




5 


8 65 50 


688 


U66 


50 


625 


^8-57 


142 


50 






*l-a ! 46-rt 


26-64 


29-04 


32-23 


19-51 




22-6 


24-8 




6 


10 20 1 50 


817 


135 


SO 


745 


10-1 


163 


50 






10-2 , 45 -e 


26 


2K-44 


31 -(56 


19-01 


20-6 


22-1 


24-3 




7 


11-7 50 


946 


16 37 


50 


8-64 


1158 


18-3 


60 






Wl : 44-1) 


25-2S 


27-74 


31 


IS-54 


20 


21-5 


23-9 




8 


1313 50 


1070 


1700 


50 


981 


13 01 


20 


50 






:-tti , 4^9 ■ 


24 56 


■37 


30-32 


18-04 


19-5 


21 


2:3-4 




9 


14 54 ! 50 


1193 


18 58 


60 


109 


144 


217 


60 






37 48 




20-35 


29-03 


17-55 


19 


20-5 


23 




10 


1587 50 


1316 


ao-15 


60 


1213 


1676 


235 


50 






.16 ' ii 




26-7 


2yo8 


17-06 


18-5 


20 


22-5 




11 


1719 50 


1432 


21-63 


50 


13 26 


17-07 


247 


50 






:15 41 




25 


28-41 


16-58 




22 




12 


185 50 


15 49 

:J1K5 


22 85 


50 

■2T-S5 


14-37 

16 -dr. 


18-31 26 29 


50 

2r55 




13 


19-66 50 


1663 


24-19 
2:1-4 


50 

27 -2*1 


15-49 


1953 2733 


50 

21-1 




11 


20-83 50 " 


17^ 


254 


50 


16-57 


207 , 28-5 


50 








2n4 










200 




15 


22 50 


18-9, 


26 5 _ 


50 

20 -HI 


17-65 
14-5 


21 83 , 29-5 


50 




16 


2312 50 


199' 


27-69 


50 


18 71 


23 , 30 6 


50 






i>-s ' a6'2 


191 


21-7 


25-15 


14 


15-3 ' 17 


19-6 




17 


24^ 50 


21-01 


287 


50 


1978 


24 (S 31 6 


50 






43-76 


49-07 


2fl'3 


30'6r. 


33-«l 


20-6M 


22-42 


23'7fl 


25-83 




4 


711 


66 


5-57 


874 


65 


504 


703 


1207 


65 






43-21 


48-61 


27-96 


30-34 


33-52 


20-45 


22-2 


2308 


25-62 




5 


880 


56 


6^ 


1176 


55 


628 


872 


148 


55 






41-74 


47-35 


27-03 


29-4Jf 


32-63 


19-75 


21-47 


22-87 


24-97 




6 


129 55 


822 


1318 


55 


7 47 


102 


16-9 


66 






40-K-l 46-44 


26 41 


2-i-rt4 


320S 


19-32 


20-99 


22'42 


24-57 




7 


U 83 , 65 


95 


15 65 


55 


8-67 


117 , 18'8 


65 
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EVAPORATING AND COSDENSINCt APPARATUS. I 




Table 18. 1 


The amount of evapomtion. and the percentiLge ol solid.s in the Uqoi^| 


in 


each vessel of the double, triple and quadruple effect apparatlH 


with regular evapon.tion {i.e.. no extra steam is withdrawn) fbd 


the concentration of 100 kilos, of liquor to 0-08 - 0-34 of its weig)^ 




The upper Unes of each pair in ordinary type, give the wei^^H 




of water to be evaporated in each vessel. ■ 




The Icnuer Jiijures. in heayij \y\K, give the correspondinR pof 






ueutaijes of dry oiaterial in the liquor in each vessel. ■ 




"1 . 

It, 

3l s 


iJoobie aflect. 


Triple eHect. 


Quadruple eflect. jl 




D, 


0, 


^x 


A 


D, 


D, 


n, 


o. 


^1 




Sit 


1. 


II. 


I. 


II. 


in. 


I. 


IL 


III. 


IV. 




42-2 


47-8 


27-34 


2'J-74 


32-92 


30 


-21-7 


23-1 


26-i 






6 92 , 40 


5-5 - 9-32 1 40 


6 


686 


114 


40 






4005 4(1.M 


■3\-m ±\\.\ ' :^J">5 


10-4 


21-fiT 


22-5 24-6a 






8-46 : 40 


6-82 11-35 40 


62 8-4 


13 5 i 40 






;w-ti , ih-i 


iJ-(W ^,S-(J4 1 clI-33 


ie-7S ■, 20-35 


21'tt5 1 24-1)5 






9-93 40 


807 


1303 1 40 


738 


9'8t> 


153 1 40 






m-'Ab 1 44'15 


•u-m 


27-2S Xl-Tyl 


lW-24 


I9-71 


21 -U 1 23-1-1 






1135 1 40 


8-31 


14-31 40 


8-6S 


11-28 


1612 40 






37 4a 


2:-)-u<J 


26-.'!K ! 2'J-72 




19 


20-6 23 






127 


40 


1051 


16 09 


40 


9-7 


126 


186 40 






36-87 


41-88 


■2.^-15 




■^J 


17 




I9'92 22-41 






143 


40 


11-71 


17-55 


40 


10 84 


13 94 


2015 40 






34-38 


3S-62 


22-15 


24-7 


2fl-15 


lU-33 


17 'eo 


19'22 31-8 




10 


15-4 


40 


12-84 


18 76 


40 


U-95 


151 


214 40 






3'2-82 


31I-43 


il-2:j 2H-77 


37 -2.^ 


i,i(;7 ' m-m 


lfi-56 21-10 




11 


16-2 


40 


13-96 20 


40 


1304 1 163 2249 40 




ii-Hii 4-;2G 


27-72 1 :m-10 33-.S 


20-28 , 22 1 23-^-lfi | 25-45 






7-0 45 

■ll-(-,4 1 47'i5 


5-53 1 9-48 1 45 

2li-9t; 2;i-37 3a-o7 


502 ' 69 11-68 45 

[■,)-72 21-42 22-81 24-'ll 






888 , 45 


685 1146 45 


623 1 8-45 ! 139 45 








46-I.1 


2G-21 2B-61 


31 -KS 


l;il7 1 20-84 22 2- 24-42 






1009 


45 


813 i 1328 


45 


7 42 1 10 , 15 85 46 






3;i-,S2 


46-13 


2,'>-45 1 27-HT 


3I-13 


ie-«l 20-21 ' 21-71 -23-S3 






11-5 


45 


9 35 15-0 


46 


86 1 1128 


17-7 1 15 






!i«21 




:>5-02 1 -27-40 


30-75 


lfl-15 1 19-f>C 


21-06 ■ -Uii. 






12 94 


45 


1067 1 1690 


46 


977 1285 


19 45 ) 4S 






ay 




*23-yc ' aj-3H 


20-72 


17-S 19-1 


20-H) 1 '1S.-Q , 






1429 


45 


1183 ' 181 ; 45 


1091 14 14 1 209 ,46 J 
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Table 18 — (contintied). 



u 
o 


Double effect. 


Triple effect. 


( 


(Quadruple effect 


• 


3 

2 S 


^i 


D, 


^1 


A 


r>3 


i>i 




D, 


3 tm 

au 


1. 


II. 

1 
42 


I. 
23-2 


II. 

25-69 


III. 


I. 


II. 


III. 


IV. 




36 


29 06 


17-1 


18-7 


20-3 


22-7 


10 


15 62 


45 


1302 


1958 


45 


1206 


15-57 


228 


45 




35 


41 


22-41 


24-86 


28-67 


16-5 


17-8 


19-4 


21-8 


U 


1685 


45 


14*3 


2086 


45 


1317 


16-74 


2376 


45 




43-3 


48-7 


28-04 


30-76 


33-62 


20-5 


22-2 


23-6 


25-7 


4 


7D6 


50 


555 


97 


50 


503 


695 


11-85 


50 




42-2 


47-8 


27-34 


29-74 


32-92 


20 


21-7 


23-1 


25-1 


5 


865 


50 


688 


1166 


50 


625 


8-57 


14-2 


50 




41-2 


46-8 


26-64 


29-04 


32-23 


19-51 


21-2 


22-6 


24-8 


6 


1020 


50 


817 


135 


50 


7-45 


101 


163 


50 




40-2 


45-8 


26 


28-44 


31-66 


19-01 


20-6 


22-1 


24-3 


7 


117 


50 


946 


15-37 


50 


864 


1158 


18-3 


50 




391 


44-9 


25-28 


27-74 


31 


18-54 


20 


21-5 


23-9 


8 


1313 


50 


1070 


1700 


50 


981 


1301 


20 


50 




381 


43-9 


24-66 


27 


30-32 


18-04 


19-5 


21 


23-4 


9 


1454 


50 


1193 


18-58 


50 


109 


14-4 


217 


50 




37 


43 


24 


26-35 


29-63 


17-55 


19 


20-5 


23 


10 


1687 


50 


1316 


2015 


50 


12-13 


1576 


235 


50 




36 


42 


23-22 


25-7 


29 08 


17-06 


18-5 


20 


22-5 


11 


1719 


50 


14*32 


2153 


50 


13-26 


17-07 


247 


50 




35 


41 


22-5 


25 


28-41 


16-58 


17-9 


19-5 


22 


12 


185 


50 


15 49 


22 85 


50 


1437 


1831 


26 29 


50 




3:^-9 


401 


21-85 


24-4 


27-85 


16-08 


17-4 


18-97 


21-55 


13 


19 66 


50 


1663 


2419 


50 


15 49 


1953 


27 33 


50 




32-8 


39-2 


21-45 


23-4 


27-26 


15-5 


16-9 


18-5 


21-1 


14 


20 83 


50 


1782 


254 


50 


1657 


207 


285 


50 




31-8 


38-2 


20-4 


23 


26-45 


15 


10-3 


18 


200 


15 


22 


50 


189 


265 


50 


1765 


2183 


295 


50 




30-8 


37-2 


19-76 


22-36 


25-81 


14-5 


15-8 


17-5 


20-1 


16 


2312 


50 


19-9 


27 69 


50 


18-71 


23 


306 


50 




29-8 


36-2 


19-1 


21-7 


25-15 


14-0 


15-3 


17 


19-0 


17 


242 


50 


2101 


287 


50 


1978 


24-05 


31-6 


50 




43-70 


49 07 


28-3 ' 


30-66 


33-81 


20-68 


22-42 


23-78 


25-83 


4 


711 


55 


557 


974 


55 


504 


703 


1207 


55 




43-21 


48-61 


27-96 


30-34 


33-52 


20-45 


22-2 


23-08 


25-02 


5 


880 


55 


6-9 


1176 


55 


628 


8-72 


148 


55 




41-74 


47-35 


27-03 


29-43 


32-03 


19-75 


21-47 


•22-87 


24-97 


6 


12-9 


55 


8 22 


1318 


55 


747 


102 


169 


55 




40-83 


46-44 


26-41 , 


28-84 


3205 


19-32 


20-99 


22-42 


24-57 


7 


1183 

1 


55 


95 


15-65 


55 


867 


117 


188 


55 
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Taule 18— 


{continual). 












■& . 


Doubl 


edecl. 


Triple Bfleet. 


(Juidruple offoc 








11, 

■a Si I 






















1^, 


/>. 


O, 


.. 


r>. 


D, 


D, 


», 


£ 








1. 


11. 


I. 


n. 


m. 


I. 


U. 


m. 


n 






39'93 


45-63 


35-78 


38-21 


31-47 


18-86 


M-50 


21-96 


B4- 






8 


13 31 


S5 


1078 


174 


56 


986 


132 


so« 


es 








33-9^ 


44-72 


25-16 


27-6 


30-S9 


18-45 


20-01 


21-41 


331 






9 


14-73 


56 


1202 


19 04 


55 


11-03 


1462 


224 


56 








!1K-01 


43-71 


ai-38 


27-03 


30-30 






20-95 


a- 






10 


1613 

H7 


56 

43 


13 22 


2057 

26-4 


55_ 


122 

17-65 


16 


241 

20-5 


55 






11 


17'46 


55 


1446 


2214 


55' 


133 


173 


256 


^ 










■i-j-m 


i!3'90 


25-77 


292 


17-13 


18-55 


-2005 








12 


18-77 


55 


15 64 


23 56 


55 


1448 


18 68 


211 


56 








;«'is 


41-19 


n-76 


26-15 


^■52 


16-67 


IS-! 


19-6 


n 






13 


20 56 


66 


16 83 


24 95 


55 


156 


1992 


28-5 


56 








■M-Ol 


40-48 


2'2 


24-55 


2S 


!li-22 


17-54 


1914 








14 


21 '23 


55 


18 


26 36 




1671 


2114 


297 










33 


S9-55 






27-38 


15-73 


17 03 


18-63 


K-J 






15 


2236 


55 


1906 


274 


55 


17-8 


2215 


308 


SB 








y2-;-)a 


40-48 


aO'73 


23-33 


2(l-78 


i5-2a 


16-52 


18-22 


aoi 






16 


23-7 


55 


2016 

1>0 40 


286 

23 


56 

20-45 


18-87 

15-0 


23 41 

16-3 


3216 

18-0 


%, 






17 


24-95 


55 


2135 


30 04 


55 


20 


24-74 


335 


55^ 






44 r,-' 


4'l-l 


^■4« 


3085 


34-0 


29-83 


22-59 


23-9(1 


25-9: 






4 


7-15 


60" 


559 


9-85 


60 


505 


706 


11-9 


60 










48-54 


27-93 


3IJ-30 


33 -SH 


20-42 


22-ia 


23-52 


25 59 






5 


8-79 


60 


693 


11-99 


60 


6-28 


8-74 


147 


60 








4i-a 


4tl-59 


27-34 


2'J-74 




20 


21 7 


23-1 


25 2 






6 


1039 


60 


826 


13 68 


60'" 


7-5 


1029 


1705 


60 








4141 


47-oa 


26-8 


29-22 




19-fil 


21-31 


22-71 


24S4 






7 


1194 


60 


956 


158 


60 


8-7 


ii'se 


192 


60 








40'59 




•2(i-21 


2fltil 


31-85 


19-07 


20-84 


22-27 


24 42 






8 


13 45 


60 


10 84 


177 


60 


988 


13 33 


21« 


60 








39(1 


45-4 


^5(5 


28-01 


31-2 


18-78 


20-35 


21-85 


-24 ft^ 






9 


149 


60 


121 


19 41 


60 


1108 


14-7 


2306 


60 








38-77 


44-57 


25-05 


27-51) 


30-79 




19-94 


21-34 


2;-!0<> 






10 


1633 


60 


13 34 


2X08 


60 


12 25 


16 22 


24-8 


60 








37-94 


4.^-74 


24-4fl 




30-2I-. 




19-55 


20-90 








11 


17-72 


60 


14-56 

■23 94 


22-64 


60 _ 


134 

17-55 


17-6 

19 


T. 


60 






12 


19 1_ 


60 


15-78 


24-15 


6b' 

2',i 17 


145 

17-13 


186 

18-57 


27-7 

-20-07 


60 

22-57 






13 


20-37 


60 


16-96 


25-56 


60 


15-69 


20 22 


29-38 


60 








H5-33 


4134 




25-21-, 


28 ■(;2 


111 74 


18-08 


19-68 


22-17 






14 


21-65 


60 


1813 


26 89 


60 


16 81 


2148 


30 77 


60 




J 
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Table \S—{conti7nied). 












Double 


eflect. 


Triple eRect. 


yuatlruple effeut. 




iJi 


t>. 


o. 


D, 


0. 


D, 


O. 


^> 


■D. 


3.-S & 


'- 


II. 


I. 


11. 


m. 


I. 


II. 


III. 


IV. 






3^-38 


10-63 


2216 


24-70 


2815 


16-33 


17-65 


19-22 


21 -B 


15 


2288 


60 

39 Oi! 


1927 

•JlCIl 


28 22 

i>414 


60 

27 bl 


17-9 

15 93 


22-7 

1714 


32 

1B-S4 


60 

21-44 




16 


24 03 


60 

38-1 


20 40 

^i-;i5 


29-48 

23-31 i 


60 

:i7-ir> 


1903 


239 

16-9 


33 28 


60 

2107 




17 


25-25 


60 


216 


30 73 


60 


2011 


^i 


'mI 


60 






..... 


■m-52 


'2866 


9103 


34-17 


-20-90 


22-72 


24-06 


26-1 




718 


65 


56 


992 


65 


506 


7-1 


12-4 


65 








48-76 


:^-15 


3052 


33-|j« 


20-53 


22-32 


■2am 


25-75 






^8-85 


65 


691 


121 


65 


628 


875 


15 


65 






ri-:>H 


4H-1'J 


37-61 


311 


33-17 


20-19 


21-91 


23-29 


25-37 






10 40 


65 


8-29 


14-16 


65 


751 


1036 


173 


66 








47--13 


27-1 


29-5 


32 70 


19-fHl 


21-51 


22-91 


25-08 






12 08 


65 

4fil 


^? 


16-12 


65 


873 


11-93 

2109 


19-6 

22-53 


65 

21 -6C 






13-57 


65 


1089 


1799 


65" 


993 


13 45 


216 


65 








iSy.'l 


aV03 


2S-4.^ 






20-72 


22-15 


24-22 






15 07 


65 

4-.-2 


12-16 

iJ5-5 


19-79 

i!7-',) 


65 " 


1112 


1493 

211-25 


236 

21-lW 


65 

23-35 




10 


165 


65 


13 43 


21-46 

27-4-2 


65 


124 


16-38 


254 


65 

■23-6 




U 


17-8 


65 


14-66 


2311 


65 


13 46 


17-8 


27-1 


65 








43-67 


24 93 




m-2 












12 


19-31 

87 


65 

43 


15 75 

23'91 


24'8 

26-4 


65 

29-75 


14-62 

17 -.^5 


191 


2878 

20-5 


65 

23 




13 


20 63 


65 


1709 

23-41 


262 


66 

29-Jl 


15-77 

17-13 


2049 

iM-i;i 


30-28 

-2II-12 


65 

22-(l 




14 


21-94 


65 


18 28 


276 


65 


1690 


21-80 


31-70 


65 








4rM 


22'9! 


25-3 


-23-70 


W'.} 






■2^13 




15 


23 20 
3tf.y 


65 , 


1933 

^2-32 


289 

24 -Hi 


66 

23-22 


18 05 


23 09 

17-74 


33-2 


65 




16 


24-5^ 


65 ' 

4(l'13 


206 

21-77 


30 27 

24 31 


65 

■27-73 


1^15 


24 31 

17-26 


34 41 

lK-^16 


65' 
21 .w 




17 


iffi-65 


65 


21-73 


315 


65 


20 26 


25-50 


35-63 


65 






44-54 


4'J'75 


28-83 


3M4 


34-35 


2! -07 


22 83 


24-17 


26-54 


4 


721 


70 


5-62 


10 


70 


507 


713 


125 


70 






4.S-83 


49m 


38-33 


30-70 


33-84 


20-71 


22-46 


23-81 


25-36 




b 


889 


70 


70 


12-20 


70 


631 


879 


16-16 


70 






4301 


4a-4H 


27-83 


30-20 


33-a 


30-36 


3-2-1 


2.3-46 


25-53 




6 


1053 


70 


8-31 


14'3 


70 


753 


10-43 


17-5 


70 




k 
















_J 


i 
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Table 18— {co»(» 


(fl?). 


1 


1^ 1 


Double effeel. 


Triple flB«t. 


guadruple elt«ci. J 




O, 


0, 


Di 


D, 


^i 


Dy 


e. 


^i 


a] 


^t s 


I. 


II. 


I. 


n. 


ni. 


I. 


II. 


lU. 




tSo fl. 


*2'2 


47-8 












23-1 


jI 




27 '8* 


29-75 


a2-9G 


20 


21-7 


26!ll 


7 


12;11 


70 


963 


18 31 


70 


875 


12-01 


20 








4T00 


2r,-Ro 


2-J-^C. 


32-47 


i;iG4 


21-34 


22-74 




8 


13-67 


70 


1094 


1823 


70 


9-95 


135 


22 04 








411 37 


■mm 


■^H-Ha 


,4^01 


l;r29 


20-06 


22-39 




9 


152' 


70 


12-22 


2011 


70 


1115 


16 06 


241 






40 05 


45-06 


25-86 
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CHAPTER XI. 

MULTIPLE EFFECT EVAPORATORS, IN WHICH STEAM (•* EXTRA 
STEAM") IS TAKEN PROM THE FIRST AND FOLLOWING 
VESSELS FOR OTHER PURPOSES THAN TO HEAT THE NEXT 
VESSEL. 

In ihe foregoing, those multiple evaporators have been considered, 
in which the steam produced in the first vessel is only used to heat the 
next vessel, t.c, in which the operation of repeatedly using the steam 
iscanied out without interference. It is, however, often the case that 
from the first, and frequently from later vessels, considerable quantities 
of steam are taken to be used for other manufacturing purposes. This 
method has the advantage of economising steam, for when steam is 
taken direct from the boiler for other purposes than for the evaporator, 
a certain consumption of fuel is necessitated. Naturally when this 
specially required steam is drawn from the first vessel of the 
evaporator, additional high pressure steam has to be supplied, since 
as much more heating steam must be supplied to the first vessel as is 
necessary to produce the steam taken from it. But then this extra 
steam is produced from the liquor, which is thus freed from the weight 
of water turned into steam, which weight of water has not now to be 
removed by a separate consumption of high pressure steam. 

It is noteworthy that, when this extra steam is taken from the 
second or one of the following vessels, the economy in high pressure 
steam is still greater, for steam is now used for manufacturing purposes, 
which has already removed several times its own weight of water 
in the evaporator. It would naturally be most advantageous to take 
the steam required for other purposes from the last vessel of the 
evaporator, which is indeed done, when practicable, but it must be 
remembered that the temperature of the steam falls considerably 
frona the first to the last vessel, and the extra steam must thus 
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be drawn from that particular earlier vessel which affords a aofficieatl 
high temperature. 

The saviiig tor every 100 kilos, of extra steam, taken from the vesBi 
indicated, ia as follows ; — 

Double Triple Quadruple 
eflept. effect, effect. 
From veaaal I. i7'IJ 31 22-5 kilos, of heating steam. 
„ II. — 62 45-0 
„ III. _ _ 67'5 

Just as in the precediug emotion there are here two questit 
to answer; — 

A. How nmoh water must be evaporated in each vess«I ol 
multiple evaporator, when extra steam ie taken from the aspaii 
vessels ? 

11. What is then the strength of the solution in each vessel? 

A. How much Water must be Evaporated in Each Vessel of 
Multiple Effect Evaporator when Extra Steam is taki 
from the Separate Vessels? 

The diiigraiiuimlio representation of the evolution of steam 
separate vessels ffvan iu Fig. 11 provides a clear idea of the 
Wo may suppose the production of cxlra steam in all the 
completely separated from the regular evaporation of the liquor, 
it may be assumed that there are separately introduced into the i 
vessel :— 

1. The water, which is to be converted into steam in the varioi 
vessels by the extni evaporation, then to emerge partly as 
partly as condensed water. 

2. The liquor, which was originally mixed with this water but 
now separate from it, and which now contains the same quantity 
solid matter as originally, but less water by the amount which is 
he used in the formation of extra steam. The liquor is thus to 
supposed more concentrated from the beginning. We can find I 
quantity of water to be evaporated in each vessel and in all togelbi 
for the purpose of producing extra steam. By subtracting this wei^ 
of water (rom the total weight of liquor, we obtain the weight 
liquor to be evaporated, on our supposition, in the ordinary mann 
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Let W = the original weight of liquid, 

Tf = its percentage strength in soUd matter, 

r^ = its percentage strength after the supposititious removal of 

the extra steamy 
e^ = the weight of the extra steam to be taken from vessel L, 

e - III 

If from the second vessel ^2 kilos, of extra steam are to be with- 
drawn, then for this purpose rj^ kilos, of steam must be produced in 
the first vessel. And, if e^ kilos, of extra steam are to be removed 
from the third vessel, for that purpose €2 kilos, must be produced in 
the second and Cj kilos, in the first. 

Thus, in order to draw ofif the weights of extra steam, e^, e^ and ^3, 
it is necessary to develop 

In vessel I. e^ -\- rj^ -\- Cj kilos, of steam. 

,, 11. ^2 + €2 ,, 

,, 111. 63 ,, 

Thus the development of extra steam withdraws from the liquor, 
TF, the weight of water or steam, D^. 

A = Ci + ^2 + 63 + cj + €2 + T/i (96) 

Thus there remains to be evaporated in the ordinary manner the 
weight of liquor, 

W - D, = W - (cj -f c._. + ^3 + cj + €2 -\- vi) ' ' (96) 

The percentage of solids in the liquor rises thereby from r^ to r„ 
and 

, ^ mil 100 r. .97. 

• 100 - {e^ + e, + e, + c, + Co + Vi) 100 - A * ^ ^ 

The weights of extra steam, Cj + c^ + ^3» are given ; the weights, 
Cj, €.„ 7;j, are now to bo determined. 

In order to obtain usable results we shall here, as in the pre- 
ceding chapter, neglect those ditferences in evaporative capacity pro- 
duced by ditferences in the fall of temperature from one vessel to 
another. We shall also adopt the average values previously obtained 
for the self-evaporation and the increased evaporation due to the 
diminution of the total heat of the steam in the later vessels. The 
errors so produced are small and negligible in practice. 



EXTRA STEAM. 99 

The conclusions of the preceding chapter lead to the following 
expressions : — 

Double effect. Triple effect. Quadruple effect. 

1 1 _ 1 

^' "" 1045 ^2 ^1 - 1.0075 ^' "^1 "" 10055 ^^ 

- 1 1 

*^ "" 10075 '2 *i ""10055*2 



'•-^""1103^3 



or 



€i = 0-957 Ca i7i = 0-992 e^ rj^ = 0995 e,, 

€i = 0-992 €2 €1 = 0-995 c^ 

€2 = 0-9067 eg 
771 = 0-9022 63 

Thus, as a result of the removal of the extra steam, e,, e., and e<^r 
from the quadruple effect, the total quantity of water withdrawn from 
the liquor is 

A = Ci + ^2 + 63 + 0-995 ^2 + 0-9067 e^,+ 09022 63 
= <?! + 1-995 62 + 2-8089 63. 

Z>« gives the quantity of water (or total weight of steam) removed 
from the liquor, when in the first vessel e^, in the second e^ and in the 
third 63 kilos, of extra steam are drawn off. 

In Table 19 are given for many cases the weights of water which 
must be evaporated in the separate vessels of a multiple evaporator 
in addition to the ordinary evaporation of the liquor, if the weights of 
extra steam, gj, 63, Cg, are withdrawn. 

If this water, evaporated for the production of extra steam, be 
subtracted from the weight of the liquor, and the remaining water 
still to be evaporated divided among the single vessels as shown 
in Chapter X., and finally the weight of extra steam taken from each 
vessel be added, the total evaporation in each vessel is obtained. 

Example. — W = 100 kilos, of liquor are evaporated in a quadruple effect 
evaporator from the concentration ly = 10 per cent, to Vu = 65 per cent. From 
the first vessel e^ = 12, from the second £»2 = 6 and from the third c^ = \ kilos, of 
extra steam are to be withdrawn per 100 kilos, of liquor. 

100 kilos, of liquor of 10 per cent, strength will give 

= 15*38 kilos, of 05 per cent, strength. 
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Thus in the first vessel 21*566, in the second 9*626, in the third 4*0 kilos, of 
steam, in all 35*192 kilos., are withdrawn from the liquor for the formation of 
extra steam. For evaporation in the regular manner there remain 

84*62 - 35*192 = 49*428 kilos. 

The quadruple effect evaporates this weight (Chapter X., p. 86) : — 

In vessel - - I. II. III. IV. 

In the ratio - 0*2161 0*2427 0*2535 0*2844 Total, 

A = 10*685 Z>2 = 12*000 Z;, = 12*682 D^ = 14*061 49*428 kilos. 
Add for extra 
steam - - 21*566 9*626 40 00 



Thus the total 

evaporation of Total, 

each vessel is 35-251 21*6*26 16*682 14061 84*620 kilos. 

The evaporation effected by the transference of heat, i.e.y without self- ' 

evaporation, in each vessel, is, on the average, according to Chapter X. 
(pp. 84, 85), 

0*931 X 49*428 = 46*017 kilos., 
of which are evaporated 

In vessel - - I. II. III. IV. 

In the ratio - - l 10055 1109 1*196 Total, 

d = 10*685 d = 10*725 d = 11*837 d = 12*770 46*017 kilos. 

Add for extra steam 21*566 9*626 4*0 00 

Total. 



32*251 20*351 15*837 12*770 81*209 kilos. 



B. What is now the Concentration of the Liquor in 

Each Vessel? 

After finding how much water the liquor loses in each vessel, its 
strength or the percentage of solid matter is readily ascertained. 

If the original liquor contained r, per cent, of solids (in the last 
example, 10 per cent.), and from 100 kilos, there were evaporated in 
the first vessel Di -\- e^ -^ rj^ -\- ^i (here 32-251 kilos.), then the per- 
centage of dry material in the first vessel would be 

lOOr, 100x10 ,,^ 

'•^ = 100 - (D, + ., + c, ^ rj,) = 100 - 32>251 = ^^'^ ^' "^^'•' 

in the second 

100 X 10 ., _ 

''■' ~ 100 - (32-251 + 21-626) ~ ^^'^ ^"^ ''®"*' 
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in the third 






100 X 10 
RXr^3ir26i + 21-626 + 16-682) 

and in the fourth 

10 X 10 ^ 

'^ ■ 100 - (32'251 + 21-626 + 16-682 + 14-06) ^ *^ P^ ®^^* 

Since the oases which ooour in practice are so extnundinanlT 
ditToront, that they cannot be brought within the limits of a table, 
the attonipt umdt be abandoned; when necessary the calcnlatioii 
inuRt bo performed. 

The commonest case in practice is that in which extra steam is 
taken only from the first vessel; the variations are not then so 
numerous that they cannot be tabulated. Accordingly Table 20 has 
li)eiMi calcuhitod for this case ; the percentage strength is given of the 
li(|uid in tlio different vessels of the double, triple and quadruple efifect 
ovaporatoi' for liquids which are thickened from r, = 6-13 per cent, to 
r^ «■ 50-70 per cent., when extra steam to the extent of 6, 10, 15, 20 or 
'J5 per cent, is taken from the first vessel. 

Finally, in oixler to facilitate numerous calculations, Table 21 is 
added. It gives the pei-centage strengths of solutions, which origin- 
ally contained 1-80 per cent, of solids, after 1-35 per cent, of water 
has l)eeu withdrawn. 
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Table 20. 

Percentage of solids io the contents of the separate vessels of the double, 
triple and quadruple effect evaporators, (or liquids of originally 
r, = 6-13 per cent, strength, when in the first vessel 6, 10, 15, 
20 or 25 per cent, of extra steam is drawn off, and in the last 
vessel a liquor of 50, 60 or 70 per cent, strength is to be produced. 
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18-6 


70 


16-0) 


23-9 


70 


ia-8 


16<25 


as-iH 


70 








25 


12 


19-S 


70 


16-95 


25-07 


70 


14-69 


19-38 


29-48 


70 






10 


6 


10-52 


16-6 


50 


W-8 


30-8 




12-7 


16-5 


24 1 


50 








10 


11-n 


IT'S 


50 


14-48 


31-66 


M 


im 


17-71 


24-^5 


50 








16 


U-7C 


18-2 


60 


15-a 


22-5 


50 


u 


18 


26-7 










30 


13-5 


19-1 


50 


16-09 


23-6 


50 


14-9 


18-9 


26-9 


5(1 








26 


ia-33 


20 


50 


17 


34-6 


50 


16-7 


19-8 


27-6 


50 






10 


5 


10-62 


17 


flO 


18-H 


218 


BO 


12-8 


16-9 


25-6 


60 








10 




17-85 


60 


14-68 


22-79 


60 


13-51 


17-7 


26-5 


60 










11-76 


18-M 


60 


16-5 


24-8 


60 


14-3 


18-3 


*r-4 


60 








■20 


ia-6 


19-7 


GO 


10-38 


24-85 


60 


151 


19-3 


S8-5 


CO 








25 


I3-3H 


20-77 


60 


17-2C 


25-86 


60 


16 


20-62 


29-7 


00 






10 


6 


10.52 


17-a 1 70 


14 


22-7 


70 


12-9 


17-2 


26-9 


70 








10 


12-22 


18-27 


70 


14-86 


2a-G6 


70 


18-6 


18 


37-98 


70 








15 


12-95 


19-2 


70 


15-6 


24-6 


70 


14-4 


19 


29 


70 








30 


13-75 


20-2 


70 


16-58 


26-87 


70 


16-29 


20 


30-3 


70 








36 


U-«! 


21-2 


70 


17-5 


26-9 


70 


16-1 


21 


31 -fi 


70 






a 


6 


11-67 


17-9 


50 


14fl 


22-2 


50 


ia-8 


17-6 


25-5 


60 








10 


12-22 


Ifl-ft 


•M 


15-H 


i-ll 50 


14-6 


lS-6 


265 


50 





CONt'ENTHATlON OF THK LIQUORS. 

Table 30 — (rorUmmd). 



\ 




"if 

seg 


Double 
effe t. 


Triple effect. 


Qu&druple eSeiH, 




1 


Hi 


^k 
































n 






1. 


11. 


I. 


11. III. 


1. 


II. III. 


IV. 




_f,_ 


f- 


r, _ 


.•^ 


!i. _ 


>■„ r. 




_'V - 'Jf- 


'h 


11 


15 


12-95 


19-6 


50 


16-5 


24-1 SO 


15-4 


10-5 27-3 


50 




20 


13-75 


20-6 


60 


17-5 


28-1 50 


i6-a& 


20-4 28-2 


50 




28 


14-G6 


21-5 


60 


18-.5 


26 50 


17-2 


21-4 2a-i 


60 


11 


5 


11-57 


18-30 


60 


15-1 


23-3 60 


ia-8 


18-1 37-1 


60 




10 


1322 


19-4 


60 


16 


24-5 60 


14-3 


18-9 ■ -2^ 


60 




IS 


12-96 


20-8 


60 


16-9 


26-6 60 


16-6 


20-2 1 29-3 


00 




20 


13-76 


21-35 


60 


17-8 


26-5 1 60 


16-5 


21-1 . 30-4 


GO 




25 


14-66 


21-4 


60 


18-8 


27-S 1 60 


17-5 


22-2 1 81-4 


DO 




5 


H-57 


18-a 


70 


15-4 


23-8 70 


14-1 


18-6 ' 28-6 


70 




10 


13-22 


19-8 


70 


16-3 


25-5 70 


IS 


19-7 


29-8 


70 




15 


12-95 


20-8 


70 


!7-l 


26-5 1 70 


16-8 


20-7 


31 


70 




30 


13-75 


21-9 


70 


Ifi-1 


27-9 1 70 


16-6 


21-7 


32-9 


70 




25 


UB8 


22-9 


70 


19-1 


29 , 70 


17-0 


22-7 


33-4 


70 


12 


5 


12-63 


19 


50 


16-1 


23-5 fiO 


14-9 


ig-g 


2s-a 


50 




10 


13-33 


20 


50 


17 


24-6 50 




19-8 


37-6 


50 




15 




20-95 


50 


17-93 


26-6 ' 50 


16-68 


20-8 


28-6 


60 




20 




22 


50 


18-9 


26-6 i 60 


17-66 


21-8 


29-5 


50 




25 


I(i 


23-12 


50 


19-9 


27-69 , 50 


18-71 


03 


30-6 


50 


12 


5 


13-C3 


19-7 


60 


16-4 


24-8 60 


15-1 


19-5 


28-6 


60 




10 


ia-39 


20-77 


60 




25-87 60 


15-99 


20-63 


29-7 


60 




IS 


U-!l 


21-77 


60 


18-21 


27-03, 60 


16-92 


21-63 


90-9 


GO 




20 


15 


32-86 


60 


19-27 


28-22, 60 


17-9 


22-7 


92 


GO 




35 


16 


24-03 


60 


20-40 


2U-4i' 60 


19-03 


23-9 


99-23 


60 




5 


12-63 


20-3 


70 


16-6 


25-8 1 70 


15-3 


20 


ao-3 


70 




10 


13-3B 


yi-3 


70 


17-59 


27-1 . 70 


16-23 


20-36 


80-61 


70 




15 


14-11 


22-4 


70 


18-53 


28-3 / 70 


17-1 


22-21 1 92-77 


70 




20 


15 


23-54 


70 


19-69 


29-C 1 70 


18-12 


38-28 


94-09 


70 




25 


16 


24-83 


70 


20-76 


30-991 70 


19-21 




85-*S 


70 




5 


13-68 


20-3 


50 


17-2 


24-9 50 


16 


20-1 


27-9 


50 




10 


H-H 


21-3 


50 


ia-3 


25-9 SO 


17 


21-a 


20 


50 




15 


15-28 


23-8 


50 


19-7 


27-3 SO 


18-4 


22-7 


ao-3 


SO 




20 


16-J5 


23-4 


50 


20-2 


27-9 50 


19 


23-3 


30-9 


50 




25 


17-a^ 


34-5 


50 


31-4 


29 ' 50 


20 


24-4 


32 


50 




5 


13-(!9 


21 


00 


17-6 


2C-a ■ 60 


16-3 


20-9 


90-1 


60 




10 


14-44 


22-1 


60 


18-6 


27-4 i 60 


17-3 


22 


91-3 


GO 




15 


15-28 


231 


60 


19-6 


38-6 1 60 


18-2 


29 


92-3 


DO 




20 


16-25 


24-3 


00 


20-7 


39'8 


60 


19-3 


24 


2 


33-e 


60 




25 


17-38 


25-6 


60 


22 


31-1 


60 


305 


25 


5 


35 


60 




5 


13-68 


21-6 


70 


17-S 


27-4 


70 


16-4 


21 


4 


91-9 


70 




10 


14-44 


22-0 


70 


18-8 


38-7 


70 


17-5 


22 


6 


38-2 


70 




15 


15-28 


23-9 


70 


19-9 


29-9 


70 


18-4 


29 


7 


344 


70 




20 


16-25 


25-1 


70 


21 


31-8 


70 


19-5 


34 


9 


95-7 


70 




'i5 


17-83 


26-4 


70 


22-9 


33-3 


70 


20-7 


20-9 


97-5 


70 



EVAPORATING AND CONDENSING APPAKATDS. 



Percentage of solid matter, /„ in bqnoti 
solids, after 1-3 



II there be taken (i 



the residae contaiui r. H 



101 


1-OH 


1-03 


t-iW. 


■/,•<» 


■206 


H-IW 


»'(X1 


3'09 


*m 


4-(IH 




5-Ofi 


frlO 


5'15 


B-nfi 


fiia 


619 


'MIT 


■MH 


7-21 




H-lfi 


8'2S 


M-m 


■1-1H 


9-27 


10-10 


lO'lW 


10-ai 


1MI 


n-fla 


1I'34 


Vfi-U 


1M1M 


ia'37 


IH'ISI 


IH-Wl 


13*0 


U'U 


U'W 


u-ta 


1616 


15-30 


16'46 



.. l' ,, 


■! II 


■1 -| 


JC'"' 


^4 :>1 


■ib-25 L>5-50 


^5-77 :J6'W 


2B-31 


flfi-Sfi 


W-M 


26-60 


^7-08 


27-3T 


'/7'«7 


VT-nfl 


27-85 


VH-1'? 


28-42 


■W'^H 


"^H'SH 


28-87 




29-40 


2!ca« 


W-M 


a9-i>n 


30-20 


30-53 


30'3U 


i(U'«) 


)K)93 


31-23 


3t-5S 
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Table 21. 



'liich originally contained tf = 1-30 per cent, of 
Ocuit. of water has been abstracted. 



^^ilo6. of liquor the following weights of water, in kilos. 

• 


;inal strength, 
cent. 


1 
18 ' 14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


'^ent. of solids. 

- . . . . ^-^-^^^ 


SI 


115 


1 
1-16 


1-18 


1-19 


1-20 


1-22! 


1-23 


1-25 


1-27 


1-29 


1-30 


1-31 


1-33 


1 


2-3 


2-32 


2-33 


2-36 


2-44 


2-44 


2-47 


2-5 


2-63 


2-56 


2-59 


2-63 


2-67 


2 


3-46 3-49 


3-52 


3-57 3-62 


3-66 


8-7 


3-75 


8-79 


3-85 


8-90 


3-96 


4 


3 


4-6 1 4-65 


4-7 


4-76 4-82 


4-87 


4-94 


5 


5-06 


5-13 


519 


5-26 


5-33 


4 


6-741 5-81 


5-88 


5-95 


6-02 


6-09 


6-17 


6-25 


6-33 


6-43 


6-49 


6-58 


6-66 


6 


6-89 6-98 


705 


7-14 


7-23 


1 

7-31 


7-40 


7-5 


7-59 


7-69 


7-79 


6-84 


8 


6 


8-05 1 814 


8-24 


8-33 


8-43 


8-54 


8-64 


8-75 


8-86 


8-94 


9-09 


9-21 


9-83 


7 


9-2 


9-3 


9-4 


9-52 


9-64 


9-74 


9-88 


10 


10-12 


10-26 


10-38 


10-62 


40-66 


8 


10-85 


10-47 


10-56 


10-71 


10-84 


10-98 


11-1 


11-26 


11-37 


11-66 


11-68 


11-86 


12 


9 


11-49 


11-63 


11-76 


11-9 


12-04 


12-19 


12-85 


12-5 


12-66 


12-86 


12-97 


13-13 


18-33 


10 


12-64 


12-79 


12-92 


13-20 


13-25 


13-41 


18-68 


13-76 


13-83 


14-10 


14-28 


14-47 


14-66 


11 


18-79 13-95 


14-11 


14-29 


14-46 


14-63 


14-81 


16 


15-19 


16-39 


16-68 


16-79 


16 


12 


14-94 15-11 


15-27 


15-47 


15-66 


15-86 


16-04 


16-25 


16-45 


16-66 


16-88 


17-11 


17-83 


18 


16-09 16-28 


16-47 


16-66 


16-86 


17-08 


17-28 


17-5 


17-72 


17-95 


18-18 


18-42 


18-66 


14 


17-23 


17-44 


17-64 


17-86 


18-06 


18-28 


18-61 


18-75 


18-97 


19-29 


19-46 


19-74 


19-99 


15 


18-4 


18-6 


18-8 


19-04 


19-28 


19-48 


19'76 


20 


20-24 


20-52 


20-76 


21-04 


21-32 


16 


19-54 ' 19-77 


19-99 


20-24 


20-46 


20-73 


20-99 


21-25 


21-62 


21-79 


22-08 


22-37 


22-66 


17 


20-70 20-94 


21-12 


21-41 


21-68 


21-96 


22-2 


22-5 


22-76 


2810 


28-36 


28-70 


24 


18 


21-84122-09 


22-35 


22-62 


22-88 


23-19 


23-46 


23-76 


24-06 


24-86 


24-69 


26 


26-88 


19 


22-98 


•23-25 


23-53 


23-8 


24 


24-38 


24-69 


26 


25-30 


25-72 


26-95 


26-82 


26-66 


20 


24-14 


24-42 


24-75 


25-08 


25-3 


25-61 


25-92 


26-25 


26-68 


26-91 


27-50 


27-63 


28 


21 


25-29 


25-58 


25-85 


26-19 


26-5 


26-88 


27-16 


27-6 


27-87 


28-20 


28-57 


28-96 


29-88 


22 


26-44 i 26-74 


27-06 


27-38 


27-71 


28-05 


28-39 


28-88 


29-11 


29-49 


29-87 


30-26 


80-66 


23 


27-5 


27-9 


28-22 


28-57 


28-92 


29-26 


29-62 


30 


80-36 


80-77 


3116 


31-5 


82 


24 


28-74 


29-07 


29-41 


29-77 


3012 


80-49 


30-86 


81-26 


31-64 


32-06 


82-47 


32-89 


83-38 


25 


29-89 


30-33 


30-57 


80-95 


81-82 


31-70 


82-09 


32-5 


32-91 


38-88 


33-77 


34-21 


34-66 


26 


31-08 


31-4 


31-76 


32-14 


32-52 


32-92 


33-88 


38-76 


34-18 


34-61 


36-07 


! 86-60 36 


27 


32-18 


32-56 


32-94 


33-88 


83-73 


34-15 


34-67 


86 


86-44 


35-9 


36-36 


36-84 137-83 


28 


33-33 


38-72 34-12134-52 


34-94 


85-86 


86-86 


36-26 


36-72 


37-18 


87-66 


8816 '38-66 


29 


34-47 34-88135-28 


35-70 


36-12 


86-57 


37-08 


87-6 


87-96 


88-58 

1 


38-92 


39-48 39-99 

' 1 


30 
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Tahle ■21~(a»Uinae:d). H 




1! 


If tliere he Ukeu from 100 kilos, of liquor the EoUowitig weigbUof vmur. iut^f 


•X 27 28 39 30 


31 32 33 3t 


se 96 n 1 S 


the residue coiitaiDA i'h per cent, of solids. ^H 


1-35 


1-37 


1-89 


1-41 1-48 MSi 1-47 


1-49 


1-52 1-54 


1-671 i^sa, fl 




■i 


2-7 


3-74 


2-77 


a-82 a-M6 2-90 2-94 


2-99 


8-03' 3-08 


3-13 918 j^H 




3 


4 OS 


4-11 


4 16 


4-22 4-29 4-a5 4-41 


4-47 


4-84 ■ 4-ai 


4-7 . 4-7T ^H 




i 


6* 


S-4« 


5-55 


5-63 5-71 6-80 6-S8 


5-97 


6-06 fi-18 


6-26 6-36 t^M 




6 


(1-75 


6-85 


fl-98 


704 7-14 7-26 7-35 


7-46 


7-58 7-69 


7-33; T-9S (H 




r. 


R'tO 


8'2S 


8-33 


8-46 8-67 8-69 8-86 


8-96 


9-08 9-23 


9-39 ; g-H, ^1 






9'46 


B-6 


9-7a 


9-85 10 10' 14 


IQ'29 


10-45 


10-6 10-77 


10-96 lt-13;^H 






lO'S 


10'96 


U-11 


11-2C 11-4-2 1160 


11-7C 


11-94 


12-12 12-31 


12-62 lUTSllCH 






lli'15 


12-33 


12-48 


12-66 12-87, 13-OS 


13-23 


13-41 


13-6a 13-83 


14-09 it-31 ita 1 




10 


18-51 


13-7 


ta-87 


14-08 14-29 14-49 


14-71 


14-93 


15-15 15-38 


15-66 15-90 lO-n ' 




11 


14-79 


1507 


15-16 


15-21 15-55 Ifi'O* 


16-1 N 


16-41 


16-66 ir.-92 


17.22 17-49 1775 




12 


16-ai 


16'44 


18'G6 


16-9 17-14 17-S9 


17-64 


17-91 


18-17 19-46 


1879 19-Oe W-S6 




IS 


17 66 


17 81 




IHdl 18 57 48 84 


19 13 


19 33 


It 89 20 


20 36 3*67 aft«n 




U 


lSt2 


19 17 


19 44 


19 71 20 20-29 


20 69 


2090 


21 21 21 54 


2192 22at> aa-nl 




15 


'016 


20 55 


20 84 


2112 2113 2174I22O6 


£2 40 


22 2 iS-07 


J3 5 23 85 »-IH 








'' 




H) 


r " n 1W 






2H38 


2B 7 


20 16 


29 46 30 80 42 


80 87 


8136 


1180 


32 31 


32 88 


33-40 33 8« 






iSSS 


TO-H 


30*) 


30 42 91 10 91 8S 


32 36 


32 82 


33 33 


33 84 


34 46 


34 98 36 Ml 




Ji 


8108 


3151 


31 J4 


32 39 32 86 9S 33 


33 S2 


84 33 


34 86 


35 J8 


860 


8C 67137 12 




U 


^2 42 


32 B8 


S'iSS 


33 80 34 29 85 78 


36 29 


as 82 


36 35 


86 93 


1-58 


38 16 8S -'i 




"5 


33 7R 


34 26 


84 70 


36 20 36 42 36 23 


36 77 


37 33 


37 87 


38 48 


392 


39 75 40-W 




2fj 


85 la 


35 bl 


36 11 


36 62 37 14 37 68 


38 26 


38 65 


39 39 


40 


40-62 


4134 41-9t> 




2- 


8S48 


37 


37 44 


37 JS 18 61 SU 16 


39 69 


40-23 


40 86 


4119 


42 28 


42 93 1 43 S 






g7fi4 


38 35 


39 88 


39 43 40 40 58 


4118 


4180 


42 42 


43 OH 


43 Jl 


44 52146 79 




JS 


dJ19 


•^t 


40 7 


40 H4 4141 42 OS 42 79 


43 '>9 


43 94 


44 61 


4^41 


4r 11 te-na 




30 


40 5.^) 


41 1 


4166 


U J 43 48 4148 44 12 


44 8 


46*5 


4b 15 


4 


477 4Ht 


L i 



CHAPTER XII. 

THE WEIGHT OF WATER WHICH MUST BE EVAPORATED FROM 
100 KILOS. OF LIQUOR IN ORDER TO BRING ITS ORIGINAL 
PERCENTAGE OF SOLIDS, 7V, UP TO THE DESIRED HIGHER 
PERCENTAGE r„. 

The purpose of an evaporator is, as a rule, to increase the original 
strength of a liquid in solids (dry matter) from Vf per cent, to a 
greater strength, r^ per cent., by evaporation of water. How much 
water must be evaporated in each case ? 

If there are r, kilos, of solids in 100 kilos, of liquid, and if this 
Tf kilos, is to become r„ per cent, in the concentrated liquor, then the 
tieitjhty U, of the concentrated liquid is given by 

r 100 
7>: U = r.. : 100 or U = ' .... (98) 

Thus the iveight of water to he evaporated from 100 kilos, of 
liquid is 

100 - C7 = 100 - ''^^^^ = 100(^1 - J;) . . . (99) 

and the weight of water to be evaporated from W kilos, ol a liquid, 
which contains r^ per cent, of solids, in order to concentrate it to 
the strength of r„ per cent., is 

W - U = W{l - ';) (100) 

Example, — 1000 kilos, of liquid, originally containing /> ^ 10 per cent, of 
solids, are to be evaporated to such an extent that the residue will contain /„==(»U 
per cent. Then 

W -U = 1000( 1 - ;." ] = 883 kilos. 



('-» 
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EVAPOBATINCS AND CONDENSING APPABATUS. 



In Table 22 are given the neighte of water which must be 
evaporated from 100 kilos, of liquid containing r, = 1-S5 per cent, of 
solids, in order to produce a concentrated liquid containing 20-70 per 

cent, of solids. 

Table 22. 

The weight of water which must be evaporated from 100 kilos, of 
liquid in order to bring the original percentage of solids, r^ per 
cent., up to the desired higher r„ per cent. 



4 




I'DrepTilagi? of aolids, r., to 1)0 c-outaiued in the liquid alter 


^"^ 

p--^ 




csviipocatioii. 




■M 


d2-5 as 37-5 30 82-5 1 36 1 M) ' 45 ' 50 60 70 












Tlie weight ut water iii kilgn. to be evaporated from 


f/por 




100 kiloB. of liquid 


1 


1 


U.5 


U5-C ' Uli ■ «6'-l 1 96'7 1 D6-9 ; 97-2 i 97 


6 


97-8 98 9B-4| SS*! 




'JO 


m-i 1 Hit ' H2-H 1 93-8 ' 93'B S4-3 95 




95-0 


96 96-7 1 99! 






80-7 1 8H ' 89'1 1 90 i 90-8 91-431 92 
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CHAPTER XIII. 

THE RELATIVE PROPORTIONS OF THE HEATING SURFACES IN 
THE ELEMENTS OF THE MULTIPLE EVAPORATOR AND 
THEIR REAL DIMENSIONS. 

In Chapter X. we have found the ratios of the evaporative 
capacities (not the real quantities of steam evolved, which are some- 
what larger in consequence of self-evaporation) of the separate vessels 
of the multiple evaporator. Thepe ratios were found to vary with the 
fall in temperature in each vessel, and with the extent to which the 
liquid is to be concentrated, but not to deviate far from a certain 
average value even in the most extreme cases. These mean evapora- 
tive capacities were (p. 86) : — 

In the double efifect - D^\d.^^\\ 1045. 

In the triple efifect - - Dj : ^^ : (d^ + 0-3) = 1 : 1*0075 : 1138. 

In the quadruple effect - D^.d.^: {d^ + cr^) : (^^4 + 0-4 + k^) 

= 1 : 10055 : 1*109 : 1196. 

Let H^, H^j H^ and H^ be the heating surfaces in sq. m. ; ^„,j, O,^^* 
d^3 and ^„,4 the mean differences in temperature between steam and 
liquid ; k^, k^y k^ and k^ the coefficients of transmission (which depend 
upon the viscosity, the pressure of the steam, the shape and nature 
of the heating surface and all the other conditions) ; and c the heat of 
evaporation of 1 kilo, of steam. Then if the first vessel evolves D^ 
kilos, of steam, 






^1 



and the heating surface required by the first vessel is 



H. =^ (101) 



(102) 
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Thus, for the quadruple effect, according to the above, 
1 : 10055 : 1109 : 1196 

Cj C.2 C.^ C^ 

And consequently 

rr rr T7 rr ^1 10055 C, 1109^3 1196 C. ,-^«, 

H, : //, :H,:H,^^: ' : -^-r-^ : , ' . (103) 

Vml'^l »'in2'^2 «'.n3«'3 «'wi4'»'4 

If now we assume the dififerent values for c^, c.,, Cj and c^ to be 
equal, although they may vary from 637 to 618. thus producing only 
a slight inaccuracy, and, further, if we put H^ = 1 and k^ = 1, ex- 
pressing the values of H and k for the other vessels as fractions, 
since we are now only determining the ratio of the heating surfaces 
to one another, then 

and the ratio of the heating sui-faces to one another is 

//j i/j //, //, 0,„.2<l2 ^mii^3 ^w4**4 

If the ratio to one another of the coeflicients of transmission, k, 
were known, the proportions of the heating surfaces could be 
calculated from equation 104, assuming the desired temperature 
(litTcjrences in each vessel. 

The coellicients of transmission, k, are, however, not known, they 
depend upon the thickness of the liquid, the construction and details 
of the apparatus, the completeness with which the air is extracted, the 
diamet(}r of the heating tul)es, whether the steam is in or outside the 
tubes, on the absohite size of the heating surface, its cleanliness, and 
tinally upon the elTectivc? pressure of the heating steam in each vessel. 
For, w hilst steam at a pressure of 1 atmos. or more strives rapidly 
to counteract the diminution in pressure produced by condensation 
on the heatin«^^ surfaces, and passes over the surfaces, steam at a 
K)w pressure is little inclined to do so, and rests more sluggishly in the 
steam space. It is often drawn off by the air- pipe in order to conduct 
it more rapidly over the heating surfaces. 

All these ditlerent conditions make the coefhcient of transmission 
ditlerent for each apparatus and each vessel. At the present time 
sufiiciently accurate e>itin)ations of the coeiVicient for actual apparatus 
are wanting. Occasional observations made on apparatus in use are 
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rarely quite satisfactory, sinoe the instruments (thermometers, 
vacuum gauges and more rarely hydrometers) are frequently not quite 
correct (Zeits. angew. Ghem., 5th December, 1899), and because the 
influence of the incrustations actually present is unknown. If we 
give here the coefficients of transmission calculated from a number of 
such observations, it is from necessity, with all reserve, and merely 
with the object of obtaining a rough representation. 

From experiments made by Dr. H. Claassen on a triple effect 
evaporator of a sugar works (Zeits. des Ver. fiir Kiibenzucker- 
Industrie, March, 1893), and from other observations made in similar 
factories, the following ratios of the transmission-coefficient for sugar 
juices have been calculated : — 

Vessel I. II. III. IV. 

Double effect - - - 1:0*66 — — 

Triple effect - - - - 1 : 0*70 : 0*33 — 

CJuadruple effect - - - 1 : 0*91 : 0-76 : 055 

If these figures were to some extent reliable for average conditions, 
and if the same temperature difference were desired in all the vessels,, 
then the heating surfaces would be in the ratios (Equation 104) : — 

In the double effect 



1045 



1 : 1-58. 



• 0-66 
In the triple effect 

, 10075 1138 



* 0-70 • 0-33 
In the quadruple effect 

, 10055 1109 1196 



= 1 : 1-44 : 3*414. 



= 1 : 1-105 : 1-48 : 2-176. 



• 0-91 • 0-75 • 0-55 

Similarly, if it were desired to make the heating surfaces of all the 
vessels of equal dimensions, then the differences in temperature (fall 
in temperature) would be in the ratio just calculated for the heating 
surfaces. 

Example.— It the total available difference in temperature is 60° C, the 
following differences in temperatures for each vessel would be at once deduced 
from the above ratio, if the heating surfaces of the apparatus were equal : — 
Vessel - - - - I. II. ni. IV. 

Double effect - - 19 -S" 80-7° — — 

Triple effect - - - 8-66° 12«31'' 2918° — 

Quadruple effect - - 8-68® 9-69® 11-846*' 18-88° 

8 
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I 



Sinoe ihick sluggish liquids, such a.6 are coatained in the \Ma 
vessels, and espeoially in the last, are only brought by conaLdenUa 
differanoes io lemperuture into violent ebullition and hence to an[Hi 
absorption of heat, il is certainly more advisable, if the last hi 
surfaces are to work effectively and consequently also the first, to 
crease the differuDoea in temperature (and not the heatiog surfaces) 
these (later) vessels. It is always preferable to make the later vessels 
the most as large as the first and perhaps even to make theiu somenhat 
smaller- In no case, however, should the heating surfaces of thft 
later vessels be made larger than those of the first, if there are iwl 
special reasons to the contrary. 

For ooDveaience in manufacture and erection all the vessels may 
he made of the same size, but then sufficient heating surface must be 
added to the first vessel to raise the cold liquor entering it to the 
temperalui'e of this vessel. When extra steam is to be taken fron 
one vessel or more, this vessel muat be given as much more healing 
surface as is necessary for the production of the extra steam, and 
then the oorreapoiiding increase must be given to the healing surface! 
of the earliei vessels. 

Example.— From ISSO litres of liquor (osaumed to nelgli 1250 kilos.) 1000 
litroa a( wnter Are to be ovBporaied in a, quulniple edect evaporator. The in. 
temponture of the liquor is 30° C. below the temperature of bailing in the 
vessel. Prom each of tlia first and second vessels 100 kilos, of extra jtfaim u 

Id order to hi-at 1360 kilos, of liquor, the specific heat of which is I, thro 

30° 0., 1350 ■ 30 = 37,500 calories must Ih oominunicated to it in the first va 
i.e.. as much heat as would be required to evaporal>c A^ — TO kilos, of wat 

Further. 100 kilos, of eilra sUam are to be taken from the first vessel, wl 
quantity also must be conveyed to it. 

If the seaond vessel is also ta give 100 kilos, of extra sltam, far that porpoart 
theto must, according to Table IT (double effect, evaporation to jj, be developed ta 



the ftril veasel 



100 



: 96-96 ItiloB. of steam. 



1-042 

Through extra sUam and the evaporation thereby necessitated, tOO + 
96-96 = 39G-96 kilos, of water are taken from the liqaor. and there r 
1000 - aQ6-9(> =■ 703-01 kilos, to be evaporated regularly in the quadniple 

The single vessels evaporate this, according to Table 17 (p. BSf, in the latio,. 



1 : 1-16 : 1-31S : 1-375 (total = 4-75). 
= 118, the single vessels must evaporate 
148 : 171-68 : 179-sa : a03-&4. Total, 703-04 kilos, of water. 



4-76 ■ 
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Thas the actual work done by each vessel must correspond to the evaporation 
of the following quantities of water : — 

In heating the liquor 70 — — — kilos. 

¥oT extra steam - - 100 — — — „ 

For „ - . 96-96 100 — — 

Regular - - - 148 171*68 179*82 203*54 



»» 
It 



Total, 



Totals - - 414*96 271*68 179*82 208*54 „ 1070-00 kilos. 

The self-evaporation in the second vessel of the quadruple effect, which we 
most consider here in regard to the production of extra steam, for 100 litres of 
Kqaor (i.e., for 75 litres of water), is s^ = 1*77 kilos, (p. 85), 

thus in this case =^ = 4*648 kilos., 

and in the quadruple effect (regular evaporation), for 100 litres of liquor (p. 85), 

Sj = 1-77, S3 = 1*46, S4 = 2*35, 
thus in this case 

^ ^ 708-04 ^x 1-77 ^ ,e.3, ^^ ^ 703-04 ^x 1-46 ^ ^3.^^^ 

^ 70304 X 2 j5 ^ ^.^ 

* 75 

The evaporation to be effected by the heating surfaces is thus 

414*96, 250*70. 16614, 181*52 kilos. 

We may now correctly assume, in order to obtain greater differences of 
temperature in the later vessels, as we have also done in deducing the co- 
efficients, k, from the experiments, that 1 sq. m. of heating surface has almost 
the same efficiency in each vessel. Then the later vessels can undertake the greater 
evaporation, laid upon them by the nature of the conditions, by reason of their 
greater fall in temperature. The effective capacity differs in different evaporators 
according to construction and circumstances. If we assume for the preceding 
case that each sq. m. of heating surface can develop 20 kilos, of steam per hour, 
then the following heating surfaces are indicated : — 

70 
Vessel I. For heating, — - - - - = 3*5 sq. m. 

For the development of 100 kilos, of 



For the 96*96 kilos, of steam re- 
quired to produce extra steam 

in vessel 11., - - - = 4*848 

For the regular evaporation of the 

quadruple effect, -^^ - - = 7*4 



Total - - - - 20*748 



«» 



»> 



»» 



»f 



116 EVAPORATING AND CONDENSING APPARATUS. 

Vessel n. -Qjr + -5^r- = 12*54 eq. m. 



20 "^ 20 
166^4 

20 
181-52 

20 



Vessel ni. ^^^ = 8-32 

Vessel IV. ^^±^ = 9-76 



Total .... 51*368 



It 



f» 1} }f »i )i 

i» >i >» >i »» 

)} 9t l» II >l 



The weight of water, whioh 1 sq. m. of heating surface evaporates 
in one hour in the multiple-effect evaporator, cannot be stated as 
universally applicable, since it varies greatly on account of all the 
reasons previously given, which cannot be expressed in calculations. 
It is therefore necessary to take the figures of practical experience. 
Ordinary vertical evaporators, with brass heating tubes of 1000 mm. 
length and over, evaporate from liquids which present no obetades to 
evaporation :— 

In the single effect : 70-80 litres of water per 1 hour and 1 sq. m. 

In the double effect : 30-36 

In the triple effect : 20-25 

In the quadruple effect : 18-21 

The same apparatus with the hquor at a low level : about 10 p^ 
cent. more. 

Apparatus with wide horizontal heating tubes : the same. 

Apparatus with narrow horizontal heating tubes : about 15 per 
cent. more. 

Iron heating tubes decrease the evaporation by 10-15 per cent., 
chiefly on account of the greater incrustation. 

Apparatus, in which the liquor flows in a thin film over the heating 
surface, does not evaporate more than that in which the liquor stands 
at a low level. 

Many liquids evaporate with difficulty, the amoimt of evaporation 
from 1 sq. m. of heating surface is then very much less. 



CHAPTER XIV. 

THE PRESSURE EXERTED UPON FLOATING DROPS OP WATER . 

BY CURRENTS OF STEAM AND AIR. 

Labqeb or smaller quantities of evaporating liquids, and in particular 
drops, are always thrown above the bubbling surface. The current of 
Bteam, rising along with the drops, exerts on them a driving or lifting 
foroe, to such an extent that they frequently rise very high in the boil- 
ing pans and may even be thrown out, thus giving rise to loss, which 
might be avoided. 

Finely divided jiets or sprays of liquid, upon which the current of 
gas or vapour, intentionally or naturally produced, exerts a moving 
action, are often intentionally produced in condensers and cooling 
apparatus. 

The nature of this action must be known, in order that apparatus 
may be suitably constructed with regard to it. 

The action of a current of steam upon drops is due to the pressure 
it exerts upon them. This pressure depends upon the velocity of the 
•nrrent and the density of the air or steam. We shall therefore en.- 
deavour to ascertain the action of gas and steam of various densities, 
velocities and directions, upon drops of different sizes. 

It must be definitely stated, that, in consequence of the want 
of exact research on this subject, the following considerations are 
based upon certain experiments not made under quite our conditions 
(Grashof, Theoretische Maschinenlehre, Bd. I.), and on certain in- 
complete observations of the author's, and must therefore be regarded 
as only tentative. 

The pressure, which an unbounded current of steam, moving with 
a velocity of not more than 10 m., exerts upon a plane surface of 0*1 
to 4 sq. m. at right angles to its direction, is : — 
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where D = the pressure id kilos., 

Q = the plnoe surface iu sq. m., 

y, = tlie weight of 1 c. m. of air in kilos., 

V = the relative velocity between the air and place n 

metres, 
ij = the acceleration of gravity (991), 
^ = a numerical coefficienl. 
This ooeffioieat is, according to Grashof, dependent upon the si 
of the surface and is : — 

Forsnrfacea of Q = 01 0-25 0-5 1 2 i sq. n 

i^ - 1-86 204 2-18 2-34 2-51 2-69 
The Bcune values hold good for the pressure of moving water npcm 
B, plane surface. 

For spheres of 100-200 mm. diameter, which move in i 
aooording to Piobert, Hutton, Borda (Grashof), in the me&D, 

</r = 0-54 (106) 

Aooording to experiment of Didion with spherical projectiles, <tf 
120-lSO mm, diameter, moving very rapidly through the air, 

^ = 0-43(1 + 00023 v) . . , . . (107) 
which would give for velocities of 10-50 m. a. mean value ot' 
ip = 0-4597. 

Now i^ deoreases with decreasiug surface, and hence for plane sur- 
faces smaller than 01 sq. m. would be considerably less than 1'86. Aim 
the coefficients for air and water have been found to differ Uttle. 
shall therefore take for the eslimation of the pressure which «r esertt 
upon drops of water, O'25-IO mm, in diameter, the valne J. = 0' 
believing that this figure is quite on the safe side. 

The pressure of air upon floating drops would accordingly be 

whence 



i)-0-6y,.«.J (108) 



We shall assume that these equations also hold good for gases and 
vapours, heavier or lighter than air, when the weight ot 1 cub, 
these gases is inserted for y„ although we believe, reasoning from 
known facts, that in reality the pressure ot currents of air upon dropi 
is less than that calculated from equations (108) and (109). 
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A drop of liquid is spherical when forces act upon it evenly ; but 
when unequal pressures are exerted upon it, as by currents of air and 
steam in one direction, it is flattened upon the side on which the 
pressure is exerted, thus its diameter will be somewhat increased. 
This circumstance, which is beyond a simple calculation, must be 
neglected, though it increases the pressure upon the drop, t.e., a 
smaller velocity is required to make the pressure upon the drop eqiial 
to a given fraction of its weight. 

Table 23 has been calculated by means of equation (109), it gives 
the velocities, which currents of carbonic acid, air, and steam at 
100^-10° C. must have, in order to exert upon drops of 0*1-10 mm. 
diameter pressures equal to, and double, their weight. In the case of 
drops of liquids lighter or heavier than water, these velocities will be 
less or greater; they may be calculated in each case by means of 
equation (108), putting for D the weight of a drop of the particular 
liquid. 

Table 23 is to be used with caution, for probably the velocities 
i-eally necessary in order to exert the pressures, G and 2G, are greater 
than are given. However, two conclusions may be drawn : — 

1. The smaller the drop of water, the smaller is also the velocity of 
the current of steam which exerts a pressure upon it equal to its own 
weight, 

2. The lower the pressure of the air or steam, the greater must he 
the velocity to exert a pressure equal to the weight of a drop. 

Or, in other words, with increasing pressure and velocity of the 
current of air or steam, the danger increases that floating drops will 
be carried away with it. 

The volume of the steam and also its velocity in the same section 
of the apparatus increase approximately in simple proportion with an 
increase in the vacuum (i.e., approximately in inverse proportion to 
the absolute pressure). The pressure upon the drop, and hence the 
danger that it will be carried away with the steam, increase, however, 
with the square of this velocity. 

From these facts the conclusion follows : that the sections of the 
apparatus, in which floating drops of water are not to be carried away 
by the current of steam which meets them, must always be determined 
for the greatest vacuum to be expected {i.e,, for the lowest possible 
pressure expected). 
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n 


Table 23. 




1 


The velocities of currents of c&rbonic B«id, &ir and steam of difFeraitfl 




water. 01-10 mm. 


n diameter, ejwM 




Diameter ol Cbe drop ID iDQi. - 


0-10 


0-25 


«-»j 




Volume ot the drop in cub. mm. - 


00005338 


0-00819 


o«iil 




Seotlon o( the drop y in mm. - . - . 


000786 


0-049 


o-igga 




„.„.. Weight in kilo. 

'^"'- Suriac-a^einsq.m. ■ " ' ' 


0-0666 


0-168 


^ 




iPg 




5-493 


^ 


0-6« 




The velocity ol the ourrent of gas or tXeam wbia 


C»rboiiioMidatO"G., y = 1-8T3 


1 tim. sbe. 


1-04 


1-66 


2^. 




Air»t lo'c.T-i-aas 




1-33 


2-11 


2-98 




Steam Ht 100° 0.. 7 = 0'6069 


Vacuum. 


1-89 


3 


4-ai 




90° C. 7 = 0'*28a9 


236 mm. 


2-36 


3-6 


6fll 




Sff- C. T = 0-29892 


406 .. 


2-71 


4-3 


6-OT 




70° C. y = 0-19928 


627 .. 


3-3 


5-2 


7* 




60= C, 7 -013114 


612 „ 


4-08 


6-44 


9-1 




60° C. 7 = 0-08a36 


66S „ 


6-19 


81 


11-4 




45° C. 7 -006576 


683 ,. 


6-74 


91 


19-B 




*r C, y = 005119 


706 .. 


6-5 


10-3 


U-tt 




36° C. 7 = 0-03975 


720 „ 


7-4 


11-74 


16-5S 




30- C, 7 = 030S6 


738 „ 


8-1 


12 


18-a 




25° c, 7 ~ o<asao 


737 .. 


9-6 


16-36 


21-7 




20" a.. 7 = 0-01758 


743 .. 


111 


17-69 


24-98 




13° C. 7 = 001319 


747 ., 


12-8 


20-4 


28-70 




10° C. 7 = 0-00961 


764 ., 


161 


24 


33-5 


Tha velocity ot the current of g 


MQi-ate«m 


when] 


8teftmM10(yc.- ■ - - 


] «lm. alw. 


3-67 


4-2 


6 






Vacuum, 










90° C- - - - 


335 mm. 


3'ie 


61 


T-1* 




80° C- - - 


406 „ 


8-83 


6-1 


8-6 




70°C. - 


637 „ 


4-68 


7-4 


10-4 




60° C- - - 


613 ., 


6-70 


91 


U-fl 




50° 0. - 


668 „ 


7-36 


11-4 


16-1« 




«°C.- 


689 .. 


812 


12-9 


ifl-a 




40° C. - 


706 .. 


92 


14-6 


90-6 




36° C- 


730 „ 


10-4 


16-G 


33-4 




30=0. . 


739 ., 




17-0 


a6«i 




36° C 


787 ,. 


13-7 


21-7 


30-61 




ao-c,. - - - 


74a „ 


15-78 


26 


36-7 




16° c- - - - 


747 ,. 


18-16 


29-8 


40-8 




10^0.- - - - 


751 ,. 


21-35 


32-S 


48 


1 k. 




J 



/ 
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Table 23. 

pressnreB; at which these substanoes exerts pressures upon drops of 
to, and double, the weight of the drop. 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


0-525 


4-2 


14-15 


33-6 


65-4 


113 


179 


271 


382 


625 


0785 


8-14 


7-1 


12-6 


19-6 


28-3 


38-5 


60-2 


63-6 


78-5 


0-668 


1-337 


2-0 


2-666 


3-336 


4-0 


4-65 


5-4 


60 


6-688 


81-844 


43-71 


65-4 


87-17 


109-08 


130-8 


152-05 


176-68 


196-2 


218-69 


its pies 


isare is to be e 


qtuU to tl 


le weight of the drop. 

1 








8-31 


4-69 


5-74 


6-63 


7-41 


8-12 


8-77 


9-88 


9-96 


10-5 


4-22 


6-96 


7-3 


8-42 


9-43 


10-3 


11-1 


11-9 


12-6 


13-3 


6 


8-48 


10-3 


12 


18-4 


14-66 


15-84 


17 


18 


19 


714 


10-09 


12-3 


14-14 


15-96 


17-46 


18-84 


20-2 


21-4 


22-5 


8-6 


12-12 


14-8 


17-18 
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CHAPTER XV. 

THE MOTION OP FLOATING DROPS OP WATER UPON WHICH 

PRESS CURRENTS OF STEAM. 

A. Vertical Currents of Steam upon Falling Drops. 

We shall first enquire what upward pressure a current of steam may 
exert upon falling drops without carrying them with it. 

When a drop is loosened from a fixed point in a vacuum and falls, 
its velocity, v, after the time, t, and the height, h, through which it 
has fallen, are obtained from the well-known equations, 

in which g is the attraction of the earth = 9*81. 

Since the attraction of the earth imparts a very small velocity to 
the drop in the first moment, and in the second, third, etc., moments 
adds a second, third, etc., equally small velocity to the first, the 
total velocity increases uniformly, and is, after one second, 9*81 m., 
after the second second 2 x 9*81 = 19*62 m., etc. 

The velocity of the fall attained after the first second, known 
as the acceleration of gravity, is generally symbolised by ^ ; ^ = 9*81 m. 

Any constant pressure exerted upon a drop in any other direction 
naturally gives it an accelerated motion in that direction, and this 
acceleration is directly proportional to the pressure, since the mass of 
the drop remains the same. If the constant pressure of the gas or 
steam is equal to the weight of the drop, then the acceleration, which 
it imparts to the drop in its direction of action, is also equal to the 
acceleration of gravity, g = 9*81 m. A pressure on the drop, x 
times as large as its weight, communicates to it in its own direction 
an acceleration x times as great as gravity. 
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Thus if the pressure be known, which a current of air or steam 
^>xerts on a drop, the acceleration which this pressure imparts is also 
known. If the weight of the drop is G, and the pressure Z>, then the 
Acceleration due to the pressure is 

D 
9i = q9' 

Now that this is clear, we may follow the motion of the drop, 
^hen the known pressure is exerted upon it in its direction of motion, 
in the opposite direction, or at an angle. 

We shall take for consideration those cases which may occur in 
evaporators and condensers, in order to obtain from the results a 
basis for calculating the dimensions of these pieces of apparatus. 

If a drop is falling vertically in a uniform current of steam, which 
is ascending vertically, and the pressure of which upon the drop is 
less than the weight of the drop, the fall takes place with increasing 
velooity, but decreasing acceleration, until the sum of the velocities of 
the steam, v^, and of the drop, v^y causes a pressure upon the drop 
which is equal to its weight. The sum of the two velocities, Va + Vt = 
V, may be calculated from equation (109), and may be obtained from 
Table 23 for steam of known pressure and velocity. Then the 
velocity of the drop alone at this moment is immediately obtained 
by subtraction, Vt = v - v^, so that v^ and v^ are then known. 

The height of fall of the drop, at the moment in which the 
opposing pressure is equal to its weight, is obtained from the 
equation t?< = J2gjh, in which g^ is variable. 

If the pressure of the steam upon the drop at the top of the fall 
is D and at the bottom G, then g^ alters during the fall from 

G ' D ^ G- G ^ 

91 = —Q—9 ^^ 9i = —Qr-9 = 0, 

and in fact according to a function of v. Although it is not quite accu- 
rate, yet a tolerably correct representation is obtained by assuming that 

the mean value of g. is ^ '^ 9- Whence we find that the height, h, 

through which the drop must have fallen in order to attain its 
greatest velocity is 



2G 



-9 
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If the drop has fallen so (ar, it will theoretically continue faUing in 
the uniform current of steam at a uniform velocity without accelen- 
tion ; as a matter of fact, friction will inSuence this velocity. 

If the velocity of the current of steam which meets the falling 
drop is not regular, but is large below and zero at the point from 
which the drop starts, thus diminishing from below upwards, then 
the height, to which the drop must fall in order to attain its greatest 
velocity, is found from the law according lo which the speed of the 
current of steam decreases, and the distance through which the 



In opposite current condensers this dietanoe is equal to the height 
of the condensers from the steam entry to the water distributor. The 
decrease in velocity is irregular, being slower above than below ; fi 
follows approximately the law given in Chapter I. But all the facton 
of influence can only be introduced hypo the tically into the calculatioi^ 
which is therefore omitted, especially since the results are not of great 
practical importance. Thei-e is no great deviation from the truth il 
we assume that the height of fall of the drop until it attains ite 

greatest velocity is A = — . 

The drop falls with increasing velocity in the opposing current 
ateam, and reaches its greatest velocity at the point where t 
opposing pressure is equal to its weight ; then its motion becom' 
slower and slower, until it reaches the point at which the opposinf 
pressure of the steam, D, alone is equal to double the weight of t 
drop, i.e., at which D = '2(J. With a uniformly increa-sing velocit] 
of Che steam this would be at the distauce, 2A, from above. Here tht 
velocity of the drop becomes = 0, but the pressure of the steam ■ 
once carries it up again. Its upward velocity now increases, and j 
finally oscillates about the point, at which the pressure of the ateam it 
equal to its weight, where it may come to rest. 

Although this representation of the process is not quite eu 
since the velocities of the at«aiu and the drop in the opposite curreol 
condenser are in a complicated relation to one another, and the c 
densation, the friction and the presence of the many other dropi 
considerably affect the movements, yet il gives an approximate piotu 
of the motion of the drops and allows two important conclusions to b 
drawn. 
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1. The condensation in am, opposite current condenser must alwa/ys he 
so conducted that all the steam, at the furthest, is liquefied at the water 
distributor ; for if steam is stUl present here, there wUl stUl be currents of 
steam, and the possibility that drops may be carried out of the con- 
denser, 

2. The speed at which the steami enters an opposite current con- 
denser {without steps), ov^ht never to be so great that it can exert a 
pressure equal to double the weight of a drop of water. If the condenser 
has several steps the velocity of the steam ought only to exert a pressure 
somewhat greater than the single weight of a drop. 

In the parallel current condenser the current of steam enters at 
the top, along with the falling drops of water, and follows their direo- 
tion; it therefore exerts a pressure on them when it moves more 
rapidly than they fall, which is almost always the case. Consequently 
the drops fall faster — they more quickly reach the lower part of the 
condenser — their time of fall is less than when they fall free. 

Since the velocity of the steam diminishes to zero towards the 
bottom, but the speed of fall of the drop increases towards the 
bottom, the accelerating action of the steam is not very great. It 
rarely increases the velocity of the drop by more than one quarter. 

The jets and sheets of water present in all condensers are very 
much less influenced by the steam currents, it may be because these 
currents meet them sideways. 

B. Horizontal or Inclined Steam Currents meet Falling Drops. 

When a current of air or steam moving in a horizontal direction 
strikes a drop of water falling vertically, the latter is deflected from 
its vertical path. If the side pressure upon the drop begins from the 
same moment as its fall and is equal to its weight, then the drop 
falls at an angle of 45° with the horizon, since the horizontal acceler- 
ation is equal to the vertical. With a lower pressure the angle is 
more obtuse, with higher pressures more acute. 

If the horizontal pressure is several times greater than the weight 
of the drop, the direction of fall may approach very nearly to the 
horizontal, but can never rise above the horizontal, since the forces 
act only from the side and downwards but never upwards. 

Should the drop already have fallen vertically through a certain 
distance before the side current meets it, the deviation is considerably 
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less, aiooe oow in oqaai intervAls of time the Tartioal veloot 
greater than the horizontal. The danger that the drop will be a 
with the side corrent is therefore Usb. The oonnection can be 
more olearly from the annexed fig. 12, than it ooald be ma^ 
many words. 




Fio. 12. 
If the direotioD of the cnrrent of steam is inolined upwards a 
angle a towards the horizon, then the drop of water will stil 
■ below the horizon if the pressure of the side current, D, is less 
G 
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If D is leig than G, tbe drop cannot be drireo upwards aX aoy 
, Angle ; it always falls downwards. 

If the side preasure, D, is equal to the weight of the drop, G, the 
drop falla downwards when u is l^ss than 90°. Wheu a = 90° (i.e., 
wn a = 1) the drop is kept exactly in its place, 

li D h& greater than G, the danger that the drop may be carried 
upwards occurs even with small values of a. When D is 1'25, 1'5 or 
2*0 times as great as G, the angle which the current of steam may 
make with the horizon upwards, may not be greater than 

r0 3intt = G, l-25Gsina = G, sin a = =45] 



" 1-25' 1-5 
= 53% 41° 01 



The velocities of the currents of gae and steam, which, acting upwards 
at an angle of 30°, 45° or 60° on floating drops, drive them in a 
horizontal direction. 



Steun at VXf C. 






Uiamoter of ttiu drop of watur 

iaO-S 1SS156 



6-78 
5-37 

1-15 5-89 a-36 
1-451-92' 6-99 
■164-44| 6-3S 

5-87 8-3i|ll-a« 
■40i-967-04]10-l) 
" ■■315'99, fl-51 



13-34 U-SOllS- 
11-06 13-i613-00 
10-11 11-12 11-95 



13'04 U-e il&'9 



16-87 

U-10 15-00 
12-90 13-62 



In Table 94 are given the velocities of currents of oarbonio acid, 
air and steam (the latter at 100° C), at which, striking upwards at 
angles of 30°, iS° and 60° upon drops just banning to fall, these 
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cumuts cause the drops to deviale into the horizontal directioiL 
Thus if auoh durents ore not to carry drops up with them, tbej 
should be given siqaUqt velocities than those in the table. 

A speoiftl ease is that in which a drop, just falling from an edge, 
is iiH't by M current moving in a circle round this edge. Id this cue 
too, D should not be greater than G, if the drop is not to be carried 
npwkrds. 

Since the dietanoc tnversed by drops in apparatus is never ver; 
greftt, and their velodly is generally high, it follows thai the time 
during whioli the drops move freely is usually very brief. Thus il 
ottAii hap|<en3 that h«<fore the pressure of the steam can materiailj 
devifttc thf course of the drop, il has arrived safely at its destination. 

Tk<- caa*i just IrttaUd occur in dry opposite-cwrrent condensers tcHk 
horwrnialor mctitttd diaphrayms. We learn tluil the iecUons belwtrn 
Ike diapKrttj/mi mutt he made so lanje. that the pressure exerted upon 
th4 dropf fry thf velocitif of the steam can tun-er exceed their weight. 

C. A Vertical Current of Steam meets a Drop thrown 
Obliquely. 

In Heokmami's froth separator, Ger. Pat. 70,022 (Fig. 13), two 
other oaaes ixy;iir. The drops are thrown from the froth-plate eithv 
horieoutAlly or at a downward aogle and the current of steam general^ 
meets tliein trtHU below. 

If the drop flies bori ton tally from the froth-plate, its weight dra' 
it downwards and it falls through the space, s„ in the time, t. 

"'-a'" ("^ 

The prssaure of the current of steam from below forces it upwards 
and it rises in the same time. C, through the space. 





"-U" aiJ 


The vertical path 


s therefore ■ 


..,,, 


-■- = i"-Sl" = l"('-g)- ■ ■ a»>] 


i(g.i,.h.„. 


= 0, i.e., wheu the upward pressure is equal to.4 
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the weight of the drop, the latter continues in the horizontal direction 
without deviation upwards or downwards. If the pressure D is greater 
than Gy the drop is carried upwards by the current of steam ; if the 
pressure is smaller, the drop falls slowly downwards. 




Fig. 13. 

If, in consequence of the shape of the foam-plate, the drop 
acquires a motion inclined downwards to the horizon at the angle 
a, and the velocity c, whilst a current of steam acts upon it vertically 
from below with the pressure D, the drop describes the downward 
space, 5^, in the time, t, in consequence of its original velocity. 

5^ = c^ sin a (115) 

The path downwards, due to the earth's attraction, is 

s, = igt^ (116) 

The path upwards, due to the current of steam, is 

«.=^|<^ (117) 

Its total movement from the horizontal is therefore 

5 = 5,, + 5, - Srf = cUin a + igt^ " g 1^^ * * ' ^^^^^ 

^^ s=ct sin a + igt^fl -^ (119) 

9 
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Eq-iifcSK-c li^ ininsfctes ihA- ibe cart, in wfaidi the drop moves 
dowQ-BrA?d%. is ft pan^iolft : v^- ^hiilL b jwe fer , mssume now for the 
ftftke of frisr^-licr.' ^bmi ih? pftih is a sinidit line, from which, as t 
TCJkivx of faci. :: <kvi^&e^ b:i7 Iii^e in ihe portaon oonsideied. 

From e>iuA::on 119 ii is ftlsj seen shax, when the pressure of 
the s^ean^. carr«^i:: Z> from b=l>w :> liJu than the wei^t of the dnqj, 
the laturr f^Ii^ c-?4>'jr ;he direction in which it was thrown off, and 
th^t when Z> = O. it moves in thai direction, i.*.. at the angle a with 
x\a horizon. 

II D is ffrhaier than G. the drop wiU be carried on to the wall of 
the apfjaratus al>:^ve the direction at which it was thrown off. If it 
JH ahsume^l that it rebounds a: the same angle as that at which it hit 
the v.'aIU and is ijow carried on the rebonnd hy the iq>waid curreot 
of HUiHtn Uj the same extent as before, this direction of rebound most 
not lie aU^ve the horizontal if the drop is not to be carried away 
upwards. 

The pressure from below should thus at most have the effect of 
rainin;^ the drop through half the angle of inclination of the pkte 

^that in, hy %. 

Then a ,^ -.^ 

H — ct cos a tan ^ (1^) 

Now .s\i = «^ + S/ - s, 

*»< = ^r ^^ = '^^ sma + ^/- - cf cosatan ^ . . (121) 
( / 2 2 2 

lliuuui Wit ohtairi the relation l>et\veen the pressure exerted by the 
Mlf^.iiiii itrwl l.h«! w<?i^^lit of the drop : — 

, - 1 = —(sin a - cos a tan ^j .... (122) 

Th<*. velocity, r, with which the drops are thrown off from the 
phtti* ih rarcjy lesH than 20 m. per second, but is generally 30 m. or 
iimH'.. 'I'hr? veKHf'ls, in which this SL^paration of drops takes place, are 
niHily mont than .'iOOO nun. in diameter, the distance from the wall is 
IhiiH 1200 iiim. at a maximum, since the plate in this case would be 
nidrn than (JOO mm. in diameter. The time the drop requires in order 
to niiKjh the wall under these circumstances is given by 

20/ = 1-2 
or ^ = 006 sec. 
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In this time of 0*06 see. a drop may fall freely through 18 mm. 

If the plate has an inclination of 10° towards the horizon, then the 

drops flying off in a straight line from it would hit the wall 224 mm. 

below the horizontal. The pressure of the steam from below thus may 

raise the drop (without danger of carrying it away) through : the 18 

mm. through which the attraction of the earth drags it down, and then 

through about half 224 mm., i.e., through 18 + 112 = 130 mm., for which 

130 
roughly a pressure equal to -^q = 7 times the attraction of gravity would 

lo 

be requisite. 

If the following substitutions be made in equation (122) the results 
contained in Table 25 are obtained : — 

c = 20, 30 and 50 m., 
. a = 10^ 

t = 006, 0-03 and 001 sec. 

The results indicate how many times the pressure D may be 
greater than G before danger occurs that the drop will be carried 
away. It will be seen that, under ordinary circumstances, a small 
angle, a, is sufficient quite to exclude this danger. 

Table 25. 



t 


c = 20 m. 


c = 30 m. 


c = 60 m. 


Value of -pi when a = 10°. 


006 
003 
001 

• 


7-35 
13-70 
3916 


10-52 
20-00 
48-60 


16-88 
32-72 
86-28 



GHAPTEB XVI. 

THE SPLASHING OP EVAPORATING LIQUIDS. 

A. The Height to which the Splashes rise when the Current 

of Steam acts upon them. 

Whin liquids are in rapid evaporation, both drops and larger volumes 
are thrown up above the surface. These may then be carried by the 
ascending current of steam, thrown out of the vessel and thus readily 
lost. 

We shall examine to what height portions of the Kquid may be 
raised in boiling and under what circumstances losses may occur. 

Three influences affect the motion of portions of the liquid : — 

1. The drops, bubbles and splashes are thrown up with the 

constant velocity, c, by the steam bubbles produced by 
the boiling Uquid. 

2. The attraction of the earth draws them down and gives them 

the velocity : t> = </^ 

3. The current of steam rising from the liquid with the velocity, 

r^, exerts an upward pressure upon the projected portions 
when i\ is greater than their upward velocity, c. At the level 
of the liquid the difference in the velocities is v^ - c; 
when the projected portions have reached the highest 
point of their path, at which the velocity is zero, the 
difference in the velocities is r^ - = v^. 

If I'd is greater than c, the current of steam acts from below upon 
the drops, bubbles and splashes and increases the velocity of their 
ascent. If v^ is less than c, the current of steam exerts a pressure 
upon them from above and retards the velocity of ascent. 

If we represent the pressure exerted upon the splashes by the 
current of steam, in consequence of this difference in velocity, by 
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P« at the surface and by P^ at the highest point, then the mean 

P 4- P 
pressure is approximately + " — - and the mean acceleration 

P -\- P 
they receive from this pressure is + " ^ — ^. Consequently the 

velocity imparted to them in the time, t, by the current of steam is 
P.-^P, 



u • ■^ o 



- 2G ^'- 



The total velocity of the splashes will therefore be 

v,^c^gt + ^"-^/'g t (123) 

At the highest point, at which v, = 0, 

c + ^?^gt^gt (124) 

Thus the time required to reach the highest point is 

The distance described by the drop in the time, t, i.e., the height 
to which it has risen in the time, t, is 

h.^ct-igf^ + ?^^^-^. .... (126) 
or 

h.= *^(c + c-gt + ^""-^gt) .... (127) 

If Vt is inserted for the value in equation (123), then 

h. = [(c + v,) (128) 

When Vt = (at the highest point), 

h. = [c (129) 

or, inserting the value of t from equation (125), 

h. - , 1, . ■>. (130) 
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'siis ^rnskZOL ihn 'Ti»Tght so which drops, bobbies and splashes, 

"airj^ip-j. ID tnuL aciTnr^ Ii*iTiai». vill rise, can be calculated in all cases 

irr -rixici :. J . hsd J. ar«» fcown. These values must now be foond. 

Zriur4in I W. iiuivH riuu :ke current of steam will carry dwpt 

■^m fymcicji.! i ' 4:hzfr litr^M zc a jreater height than those from a 



HiHgitt to vhkh the Splashes rise wh< 
of Steam does not act on them. 
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zifx* wtcaiiieir zke r«?->ci:y. c, with which, and the heighty 
I. x: T^cii, ^Tcccs vc ij^-'M of the eTaporating liquid wiU be thrown 
tocr** :-> >;irf:4oe. :ieci*=cti;i£ m the case of these masses the action of 

I >.vvf -n H vi.-jTv, 'c.:'t V^'^uram H^atinij Tubes containing the Liquid, 

%ruu' AimfC^pkeric Pressure. 

I:i aii::> .•*>»?, :: ih*? bq:iid r>»rfies to. but does not cover, the upper 
^?tvi .^c :>.«? :u>?, ::5cui:<Hi bubbles of steam are formed on heating 
3^:r'::lY . :lv> r>*? ::: ih-e :;ibe, pass above the surface and burst. 
^V>cr. :r.^; -'vvlu::^^ o: <:c;ic: increases the steam bubbles form a 
c-r\ **: .?. >:<:.uv. A.v.v.'h vvntinuously leaves the top of the tube. 

rN:" \^'.v.v:: V .*: the =:vtrc::i:: s:eam is conditioned by its volume 
A*\l ^^c ><\::u:^ . •. the :ub^. The volume of the steam is, however, 
xksv-'.vu *: u^vr, :h^* ^l :i:er.> or.> of the heating surface (i.e., in this 
sMx;.^ iv.' *x':u:h a: vl vi asieier of the tube), its evaporative capacity per 
sv' •*.• . .\**,v\ -.i-io yrv*s>urv o: :he steam. All these factors may vary 

Nv*\\. i..o\\;>t^r. s:<a:u does not escape alone from the tube; a 
sv;\s\Io:'aM.* v;v.av.:i:\ o: liv|u:d accompanies it. When the steam 
<>\v'\A\ " :V.o :x;lv thrv^ws the liquid out, more liquid enters from 
;v*.o^\, tvo:v. wh'ch, i:\ its turn, steam is formed, which again carries 
x\•5^. : : v.vsh liv^uivl. 

V'u* w^lvVitN NMth which the fresh liquid enters the tube depends 
vuv^v iV.o invs^surv* of the column of licjuid outside the tube, the 
iv.^v^^v. ^i xnnvs-.r»>; pivssure of the steam (which is generally small) 
'^i^\ x>v. ;hc v^Hvit\c ^nivity of the liquid. The greater the height of 
iho vNv\u\\\t\ of liquid and the density of the liquid, and the lower the 
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pressure in the tube, the greater is the velocity with which the liquid 
enters. 

The pressure of the column of liquid is due to its height outside 
the tube minus the height of the liquid in the tube. The velocity 
with which the liquid enters the tube at the bottom, and consequently 
also the quantity of liquid carried into the tube, is greatest when the 
tube contains only steam throughout its entire length. This extreme 
case is, however, unusual. The contraction, due to sharp angles and 
the cylindrical form of the tube, causes the theoretical velocity of entry 
not to be quite attained. We shall therefore assume, by analogy with 
vertical jets of water, that the greatest velocity with which the liquid 
enters at the bottom is 

V. = 0-8 J2fl (131) 

where I is the length of the tube in metres. 

The volume of liquid, F^, in litres, which enters at the bottom of 
the tube in one second, is 

Y, = t?.-^10 

= 0-8V2^^10 

= Mhr sp2gl (132) 

\i dhQ the diameter of the tube in decimetres. 

The volume of steam^ in litres, formed in the tube in 1 second, and 
which thus must leave it at the top, is 

y _ dirlwlOOO 
" " 10 X 3600y 

= '^"t- (133) 

in which w is the evaporative capacity in kilos, per 1 sq. ra. per hour. 
Thus the total volume, in litres, which must leave the tube in one 
second, is 

F,= F,+ F, = 2d2^v^ + ^ . . . (134) 

The velocity t in metres, with which this volume leaves the tube, is 

dirlw 



2ird^ J2gi 



+ 



^ 36y^ 

4 
= 0-8V2^+^^- (135) 



i 

'■, r 

> .4 



:» ZTA?«>&ATISG AXD COXDEXSIKG APPARATUS. 



Aiirii '»ht '^i-:kc. in mecres. to which the liquid would be thrown 
Ttzs zi::2ftl Tis^icirr. if do other force acted on it, is theoretioally 

*.= f 



Thi« ibiorKiieiftl height of splashing is given in Table 26; 
c««xtwikrT diiA for its e>;iniadon will also be found in the same 



z Tr>e v>l:imes of steam, F^ in litres, prodaced in 1 sea 

Ou sj. -x>. :^J and 100 mm. bore and 1 m. length, when ] 

30 aini -x* I::r\r> of wa«er are evaporated by 1 sq. m. of heating s 

per ho-^ir. Tindrr a:m-3>pheric pressure and vacua of 234, 405, 6] 

7'>5 ran-.. 

t r Tr.<r volume of liquid, l\ in litres, which enters at the I 
c-f enipsy :.ibe> of 30. 50. 80 and 100 mm. bore in 1 second, wh 
extenukl pressure of the liquid is 0-333, 05, 0*667, 1, 1*5, 2 or £ 
; The calculated velocities, r, with which steam and hqn 
thrown ou: of the tubes, when the tubes are 1, 1*5, 2 or 3 m. li 
<a> When the hei^^ht of the Uquid outside the tube is equal 
leairth of the tube, i.e., when the hydrostatic pres! 
ev|util to the length of the tube. 
• 3 > When the height of the liquid outside the tube is on 
: the length of the tube, i.e., when the hydrostatic pi 

is equal to 3 of the length of the tube. 
J ['it Finally, in the same table are given the theoretical h 

i f:,. to which ;iie liquid would rise, without regard to the action 

{ current of sicam. for all these cases and also for the case that 

f stands over the ends of the tubes (denoted in the table by i.e.- 

covered L 
J In regard to the last series of figures, it is to be remarkec 

when the steam and liquid emerging from the tube have to per 
a more or less thick layer of liquid before reaching the surface 
have accordingly in proportion to overcome resistance in the h 
liquid, the steam bubbles then spread out to the sides and 
velocity is retarded. 

In heaters with vertical tubes, which generally stand ver 
togetlier, the steam spreads out as soon as it leaves the tubes t 
an extent that the isolated currents from the single tubes uni 
one, the section of which is equal to the ivholc section above the 
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The distances apart of tubes vary in different apparatus. The 
Lce from centre to centre may be approximately, 

^With tubes of 30 60 80 100 mm. bore, 

^alxnit 45 65 95 115 mm. ~ 

^Pliiis the ratio of the section of the tubes to the section of the open 
9paee above them is as 

1 : 2-479 : 1877 : 1573 : 1508 . . . (137) 

We shall assume that the average ratio is 1:1*746; then the 

Velocity of the current of steam above the ends of the tubes is .. -.^ 

mnd the theoretical height of the splashes, without regard to the action 
of the current of steam, is 

^•=(T746)^ ('^^^ 

Tjie heights of the splashes for evaporating apparatus, in which the 
liquid covers the ends of the tubes, have been calculated by means of 
ihis equation (Table 26d, denoted by t.c). 

The velocities, c, when the height of the hquid is 1, 1*5, 2 or 3 m., 
are divided by 1*746 in order to obtain the velocity of steam and 
liquid in the larger space above the tubes. The velocity so obtained 
is then squared and divided by 2^7 = 2 x 9*81 = 19*32, by which the 
theoretical height of the splash is obtained. 

In the calculation it was assumed that the tubes were quite free 
from liquid ; other retarding influences were also disregarded. The 
presence of liquid in the tubes diminishes the hydrostatic pressure 
and thus the velocity of entry and the quantity of liquid entering. 
The internal height of the liquid is naturally variable; it will be 
larger the more slowly the evaporation takes place. 

Further, the thickness of the liquid and the height at which it 
stands over the plate, in which the tubes end, have been disregarded, 
since both conditions, in the lack of observed figures, cannot be 
introduced into the calculation. 

The quantity of liquid above the plate, which is constantly being 
renewed by the stream from the sides, has also been disregarded in 
estimating the velocity. It somewhat increases the volume, thus 
the velocity, and therefore the height of the splash ; it diminishes the 
height of the splash by absorbing kinetic energy. 
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20 
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Table 39. 

Iron (W) and copper (K) pipes per running metre in one 
ko E. P^clet. 

biigh, per sq. m. per hour, according to E. P^clet. 
greater than that calculated here. 

Temperature DiSerenoe. 



80^ 



90"= 



100° 



110= 



120= 



130*= 



140' 



160' 



160' 



in calories, per running m. in 1 hour. 

76 

48 

96 

53 
110 

64 
124 

75 



150 
85 
167 
90 
231 
192 
103 

254 
205 
112 
276 
227 
118 
322 
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141 

379 
319 
160 
511 
410 
214 
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513 
273 



94 
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60 


65 


70 


80 


85 


95 
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71 


81 


85 


95 
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184 
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1082 

490 

1612 
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643 



'202 EVAPORATING AND CONDENSING APPAJtATUS. ■ 




Table 39— (con (inn 
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Table 39 — (continued). 



Temperature Difference. 



80° 



90° 



100' 



110= 



120'= 



130*= 



140' 



160' 



160° 



in caiones, per running ra. in 1 hour. 



702 


820 ' 


947 


588 


689 1 


793 


292 


356 1 


375 


773 


900 1 


1037 


380 


439 


494 


960 


1015 1 


1286 


464 


535 1 


612 



1077 
895 
433 

1170 
565 

1350 
688 



1148 


1357 


1636 


1722 


1978 j 


1322 


1540 


1774 


2007 


2279 i 


1505 


1746 


2014 


2269 


2601 1 


1693 


1932 


2252 


2615 


2927 


1762 


2162 


2501 


2820 


3226 



1213 
1038 

496 
1330 

659 
1649 

768 



1469 
1129 

544 
1490 

688 
1848 

849 

2213 
2551 
2907 
3272 
3612 



1517 


1683 


1268 


1404 


589 


640 


1658 


1837 


764 


834 


2057 


2272 


932 


1017 


2463 


2718 


2845 


3146 


3238 


3595 


3715 


4047 


4017 


4458 



1865 
1553 

694 
2032 

905 
2520 
1104 

2818 
3639 
3978 
4477 
4931 



from vertical cyliuderB per sq. m. per hour. 



716 
648 
340 
682 
614 
305 

668 
600 
291 
666 
598 
289 
665 
593 
284 



832 
755 
395 
796 
714 
352 

781 
699 
337 
778 
696 
334 
772 
690 
328 



965 I 1097 

871 981 

450 I 505 

918 : 1042 



824 
403 

899 
805 
384 
896 
802 
381 
889 
795 
374 



926 
450 

1023 
907 
431 

1020 
904 
428 

1014 
898 
422 



1242 
1115 

564 
1180 
1055 

505 

1157 
1033 

481 
1152 
1029 

478 
1145 
1021 

470 



In the double effect the first vessel loses Cj calories, and since 
these Cf calories cannot evaporate anything in the second vessel, aa 
much again is lost, i.e., altogether 2C; calories. The second vessel 
in its turn loses C„ calories. 
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Thus there are lost : — 

In the double effect : 2C/ + C„, 

In the triple effect : 30, + 2Cu + C,n' 

In the quadruple effect ; 40, + 3C// + 2C/,,+ Cy . 

Table 40. 
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cat in cal( 


)ries per s< 


\, m. per 


Loss of heat in calories per sq. m. per 


hour a 


t the respc 


jctive diffe 


rences 


hour at the respective differences 




in temp 


erature. 






in temperature. 




20 


200 


192 


133 


110 


1612 


1560 


986 


30 


324 


312 


210 


120 


1824 


1652 


1134 


40 


456 


440 


292 


130 


2052 


1968 


1252 


50 


590 


570 


384 


140 


2246 


2156 


1386 


GO 


741 


710 


475 


150 


2485 


2380 


1496 


70 


907 


877 


552 


160 


2725 


2610 


1625 


80 


1074 


1034 


686 


170 


2945 


2820 


1747 


90 


1248 


1200 


794 


180 


3240 


3100 


1880 


100 


1431 


1380 


901 











In vertical evaporators the cooling surface per sq. m. of heating 
surface ranges from 012-0*36 sq. m., as a rule it is 016-0*2 sq. m. 

ExampJc. — In a (juadruple effect evaporator, with vessels of equal size, the 
cooling surface = 018 sq. m. per sq. m. of heating surface. The temperatures 
are : — 

In vessel 

Thus the tomperaturo differouces are - 80^ 

If the vessels are of wrought iron, the loss of heat in each, per 1 sq. m. of 
lieating surface, is (Table 89) 

018 X GOO 018 X 550 018 x 460 0*18 x 253, 
i.e., 108 99 83 45*5 calories. 



I. 


II. 


III. 


IV. 


00° 


96° 


86° 


60° 


80° 


76° 


65° 


40° 
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Table 27. 

Velocity of the steam in the steam space of vacuum evaporators, at 
vacua of 0-705 mm., with evaporative capacities of 10-100 kilos, 
per sq. m. and ratios of section of steam space to heating surface 

'^ r ^ 20- 





Evapo- 




Section in sq. 


m. 






Heating surface in sq. m. 














*^ 


ration in 


1 


1 


1 


1 


1 


Vacuum. 


1 hour 
















T 


6 


10 


16 


20 




per sq. 








j 






m. 








1 






Velocit 


y, in metre 


»s, of the current of steam in the 






8 


team space 


) of the vacuum apparatus. 


mm. 


w 















10 


0046 


0-23 


0-46 


0-69 


0-92 





20 


009 


0-46 


0-92 


1-38 


1-83 





30 


014 


0-69 


1-38 


1-76 


2-75 





50 


0-23 


115 


2-30 


3-44 


4-59 





100 


0-46 


2-29 


4-59 


6-88 


9-78 


234 


10 


006 


0-32 


0-65 


0-97 


1-30 


234 


20 


013 


0-65 


1-30 


1-95 


2-60 


234 


30 


019 


0-97 


1-95 


2-92 


3-90 


234 


50 


0-32 


1-62 


3-25 


4-87 


6-50 


234 


100 


0-65 


3-25 


6-50 


9-75 


13-00 


405 


10 


009 


0-47 


0-94 


1-41 


1-58 


405 


20 


019 


0-94 


1-88 


2-82 


3-76 


405 


30 


0-28 


1-41 


2-82 


4-23 


5-64 


405 


50 


0-47 


2-35 


4-70 


7 05 


9-40 


405 


100 


0-94 


4-70 


9-40 


4-10 


18-80 


610 


10 


0-21 


105 


2-11 


316 


4-22 


610 


20 


0-42 


2-11 


4-22 


6-33 


8-44 


610 


30 


0-63 


316 


6-33 


9-49 


12-66 


610 


50 


105 


5-27 


11-05 


15-80 


21-10 


610 


100 


210 


10-50 


21-11 


31-60 


42-20 


705 


10 


0-54 


2-70 


5-41 


8-11 


10-82 


705 


20 


108 


5-4 


10-82 


16-2 


21-64 


705 


30 


1-62 


8-1 


16-23 


24-3 


32-46 


705 


50 


2-70 


13-5 


2705 


40-5 


54-1 


705 


100 


5-41 


27*0 


541 


81-1 


108-1 
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The coefficient of radiation for the protective mass w-as Uken l< 
3'65. 

PasHjUflv also fownil (IVSrmeachutt »'»« Dnmpfbetricb. lS9o) lb. 
following aiuouuts of condensed ateam in a naked and covered [npr. 
-oiher conditions being the same. The tempei-atiu'e of the steam w^ 
135° C. ; of the air, IS-d"-!©' C. (mean. 15"). 

The pipe condensed per %<\. m, of aui-face in one hour : — 

Naked 2'972-3'087 kilos, ot sieam 

When covered with a cushion of 

silk 25 mm, thick - 
"When covered 56 mm. thick with 
cork shavings - . - - 
When covered with kieselguhr 
When covered with Leroy'a mixture 
25 mm. thick - - - - 
When covered with Knoch's mixture 
25 mm. thick . - - - 
When covered with Klehmet's mix- 
ture 1-396 

It is to l)e observed that the composition of the compound noB- 
■oonduoting materials has considerable influence on their efficienqr, 
and that the composition is in reality not always the same. PiW 
also influence!! the choice of a non-conducting mateiial. 

By using the best protective coating, in the most favourable 
iibout 80-85 per cent, of the loss which occurs from a naked pipa 
may be avoided. 

Johannes Russner proposes for steam pipes a double covering <4 
tin-plate, fitting tight, which is said to be still belter than silk. Thn 
covering appears to be rather expensive. In this case ihe widri 
of the apace betweeu the pipe and its jacket is important, it shuali 
not be Coo small or too large ; about 10 mm. is stated to l>e suitablt 



0'446 



0-467 

■640-0-895 



0-672-0 -871 



0^64o-l-216 
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CHAPTER XX. 

CONDENSERS. 

The appliances by means of which vapours (or gases) are liquefied 
or condensed are known as condensers. Sometimes the vapours or 
gases are to be condensed at atmospheric pressure, but more fre- 
quently it is desired to produce and maintain a vacuum by means of 
the condensation. In the latter case the condensation must naturally 
be effected in a space shut ofif from the air. The condensation is 
accomplished almost without exception in the cases under considera- 
tion by the withdrawal of heat, for which purpose cold water is 
generally used, cold air more rarely, since the former is the cheapest 
and most convenient means. It may be used in two ways : either the 
cooling water is injected directly into the vapour to be condensed, or 
the vapour is conducted over surfaces cooled by water or air. Thus 
there are obtained : — 

A. Jet-condensers. 

B. Surface-condensers. 

The former are cheaper and are therefore always used, unless it 
is required to separate the vapours of valuable liquids (alcohol, ether, 
benzene, etc.), or to obtain pure condensed water. 

Of the jet-condensers, which are employed to create a vacuum 
and must therefore be connected to an air-pump, two diflferent kinds 
may be distinguished, namely : — 

(a) The so-called wet condensers, from which the air-pump extracts 
the condensed vapours and injected water together with the air and 
uncondensed vapours. The principle of opposite currents between 
vapour and cooling water may be utilised in these condensers, 
but is not of great service. Wet condensers are generally arranged 
for parallel currents. 
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(A) The so-calUd dry condensers, from whioh the air-pump ei- 
tracts only the air and uncondonsed vapour, whilst the condeniied 
vapour and injected water are carried off automatically in anotbef 
way. The principle of opposite or counter-currentB is almost always 
applied in tliis class, and with great effect, thus they are also called 
dry counter-currant condenaerB.' 

Surface-condensers, since they generally require a large siutaw, 
are almost always tubular ; they are constructed of one or several 
long pipes or of many abort tuiiea. The vapour may then 
through, and the cooling water outside, the tiibet^ but the opposite 
arrangement is also used. In both cases the whole mass of the 
water may Bow slowly, generally upwards (opposite currents), in 
a dosed space over the condensing surface. Thus these condenseni 
are called closed surfaee-cotuUmers. In 'many castas it is not only 
necessary to liquefy the vapoura in the condenser, but also to cool 
the U(]uid. A cooling surface must then be attached to the 
densitig surface ; this apparatus is then known as a cooler. If clie 
vapour is passed through the tubes and tlie cooling water allowed to 
flow down outside exposed to the air, the apparatus is known as a 
open sitr/ace-condettser. 

A. Jet Condensers. 

1. Getteral. 

Wlieii a deljnite weight of steam at a determined pressure 
admitted into a condenser, perfectly closed and quite e>iipty, an 
Bufhcieut cold water is injected, almost the whole of the steam is 
converted into water and the injected or coohng water befomes con- 
siderably hotter by the exchange of heat. After the condctisation 
there remain in the condenser: warm water, and over it, an ab* 
solutely empty space, in which the pressure would he /,ero (i.e.. 
vacuum of 760 mm.) if the space were not immediately filltd ljy ; — 

(a) The vapour, evolved by the warm water. Its tension, which 
depends on the temperature of the water, is always kr<own. 

(6) Air, which is always introduced into the oondenaer along with 
the steam and cooling water. 

'lb will be seen that the differentiation ef jet-condeiiMn ioto "wut" and 
"dry" in do way corteapooda to tlie Inie meuDiDg of the words. TIk-tc exprea- 
sioDa have been once inlnxluued and are now alnioat univerully employed in 
interested c ire log. We might propose loodll "dry "pondenBorB/rt«-;rt/«' L-<»wi«u»ri. 
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If, as a matter of reality, no air at all entered the condenser, after 
the condensation there would be in the condenser only water and 
yapoor at a pressure corresponding to the temperature of the water. 
Since, however, air is always introduced by the steam and water, to 
this vapour pressure is to be added the pressure of the air introduced. 
The pressure in the condenser is then the sum of the pressures of air 
and vapour. 

Warm water, which has been used for condensing, then artificially 
cooled and again led into the condenser, contains little air, but still 
always some quantity. 

In a closed vessel, partially filled with hot water, in which a 
considerable air pressure is produced by artificial means, the water 
would still evolve steam of a pressure corresponding to its tempera- 
ture, which would increase by its own amount the pressure already 
existing. 

The air-pumps are used to exhaust as rapidly and completely aa 
possible the air introduced by steam and water, so that there may be 
in the condenser only the pressure of the steam, which depends on 
the temperature of the water. 

The pressure in the condenser should be as low as possible, for 
as it decreases the boiling point also falls and the evaporative 
capacity of the heating surface in the vacuum increases. 

There can be no intention of exhausting, by means of the air- 
pump, the vapour formed from the water together with the air, in 
order to increase the vacuum, since the volume of this vapour is 
so great that it cannot be dealt with by pumps of reasonable size. 
If it were desired to exhaust steam from the condenser with the air- 
pump, and thus to form fresh vapour from the water, which process 
would cool the warm water and so produce a higher vacuum, the 
air-pump would have to be of quite impossible dimensions. 

Example. — In order to condense 100 kilos, of steam, under certain circnm- 

stances, SOSO kilos, of water are required, which become heated from 15°-85° G. 

In order to cool these 3080 kilos, of water through 5° C. (to 80*^) it would be 

16 150 
necessary to deprive them of 15,160 calories, i.^., to evaporate ' = 26*1 kilos. 

Now 1 kilo, of steam at 80°-86° C. has a volume on the average of 28,760 litres, 
thus 26*1 kilos, measure 760,876 litres. Such great volumes can naturally not be 
pumped out in a short time. 

It is therefore necessary to restrict the operation to removing the air alone 
from the condenser as completely as possible. 

14 
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Since the pressure in the oondenser is &lways the S7*m of 

pressures of air and steam, it follows that the pressure of the 

is found if that ot (he steam be deducted from the total pr«ssur« 

The pressure of the steam is. however, dependent on the temperetan 

of ibe injected water when wiimiai 

by the condensed steam, since tl 

two are in contact. 

The temperature of the W(H 
at different parts of the same cc 
denser is different, so must at 
be the pressures of the steua 
and air. The total pressure v 
not Iw the same in all pajla 
the condenser, liecause currenli 
air and steam must be produce^ 
but this total pressure must alwsy 
l)e somewhat lower than the pi 
sure in the evaiwrating apparatus 
the vapours of which are to I 
liquefied in the condenser, sini 
the friction of the vapour in tl 
pipes between the evaporator ai 
i;ondenser naturally absorbs 
certain amount of pressure. 
There must tie a somawh 
■ higher pressure in the evaporab 
than in the condenser, in ord 
to impart their velocity lo tl 
exhausted vapours. This diffe 
ence ot pressure will be the lea 

■ LIV;-^^[S ^S8 ^^'^ shorter the connecting pij 
^b t ^^^™^ - ^ '- and the slower the movement i 
^1 F\... 14. the steam in it. On this suiije 

■ see Chapter XVII. 
H The higher the temperature of the water in the condenser at tl 

I 




place where the an- is exhausted, the higher is also the correspond! 
vapour pressure at this point. With a fixed total pressure 
condenser, the tension of the air must be lower (i 
will occupy a proportionately larger volume, 



-L. 



definite weight 
hich is to be t 
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from the condenser) the warmer was the water with which it was 
last in contact. 

Thus it follows that, other things being equal, 
the volume of air to be extracted is least when 
it was directly or indirectly in contact with cold 
water at its removal from the condenser. This 
is the case in opposite current and surface- 
condensers, whilst in parallel current condensers 
the warm water goes into the pump in ccnnmon 
with the air and steam. 

The amount of cooling water used in a 
condenser must always be so great that the 
temperature of the waste water is somewhat 
lower than corresponds to the vacuum, since 
only then can the vacuum in the condenser be 
maintained somewhat higher than in the evapo- 
rator (i.e., the pressure somewhat lower), which 
we found to to necessary. 

In u-et (jiaraUel current) jet-condensers the 
steam enters the closed condenser at the top, 
together with the water in the finest spray, and 
both move downwai-ds with diverse velocities. 
The steam then gives up its heat to the cooling 
water and is liquelied, the cooling water takes 
up this heat and becomes warmer. The velocity 
of the steam diminishes in its downward path 
to zero, the velocity of the water increases 
downwards in accordance with the laws of 
falling bodies. Air, water and uncondensed 
gases collect at the lower part of the condenser 
And are exhausted by the air-pump. 

Wet condensers are constructed in many 
diHerent ways. Fig. 14 indicates one construc- 
tion, which is quite practical and permits of the 
necessary injected water being pumped direct 
from a well. 

Opposite currents may also he arranged in 
a wet condenser, by admitting the steam below 
And exhausting the air above, by which means the latter, since it 
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last in oontnct with cold water, muy be remored colder, whidt is 
iiwdf an ndvnuiaffe. However, the air in the pump cyliivder, or e 
eiirlinr. is in coulaol with tlie warm water, above which is steaa 
oormsponding jntesure. Thua an advantage of this oonstructioo 
hanlly Ito rt'fN.i^iiaeil, for the n-ir is tntiinately mixed n-ith the «i 
and very rapidly acquires its temperature, when the conilitioo of 
ja then the same aa if air and water were exliaust^ by ifae tai 
fHUviitja. The jiressure in the wet air-punip, which is still in quesi 
iM always dopundotit on the terii^)eriiture of the water pumped oat. 

In rfry {counter-carivnt, fall-pipe) cond'tiuers the steam ei 
below and the coaling water in fine spray above, The at«am i 
with ilticnuuing velodty, the cooling water falls. It is endeavoured 
amuigi' that tlie cooling wai«r, when it leaves, sliall l*e as nearly 
posxiblo nt tho tompemture uf the entering steam ami the air 
nearly as possible at that of the cold water. It is often 
that the temperature of the atoam is the »ame throughout the 
densnr, whicli cannot, sti-iutly sjieaking, be the case. Prom th» 
bottom of the condenser the injected water and ooudensed steaiQ, 
dow away spontaneously through a vertical pipe at least 10'7 
long. In the most favourable case the pressure in this conden 
oorrasponda to the temperature of the cooling water aa it enters. 

Dry condensers also may lie construuted in different wa 
Fig, 15 shows, with details omitted, an ordinary design, which 
quite dear without further espUnation. 

We shall next consider sepanitely the factors which affect i 
dimensions of jet-oondensers, and then use the results in dot 
mining these dimensions, 

3. The Necessarif QaanUtt/ of CooHiuj Water, 

The quantity of cooling water required in each case depends 

particular on its originnl temperature, on thai at which it i» to leal 

the condenser, and, finally, on the total heat of the steam, vrhJi 

depends on the vacuum to be produced. 

Let D = the weight of steam to he condensed, in kilos., 
c =• the total heat of 1 kilo, of this steam, 
IV = the weight of the cooling water in kilos., 
[, =^ original temperature of this water in " C, 

the final teuipsi-ature of the waste water after the con- 
densation. 
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Then Dc + Wt, = (TT + D)t (176) 

Thus the weight of cooling water, 

Tr= ^f^"/- ^ (176) 

f« — ta 

Example. — D = 100 kilos, of steam are to be condensed by water at ta — 10*^, 
so that the waste water is at /«. = 40°. How much cooling water is required ? 
At 4Xf G. 1 kilo, of steam has c — 618*7 calories, therefore 

t« ~~ (£1 4U ~~ AU 

Thus in this case W =s 1929 kilos, of cooling water are necessary. 

It is occasionally convenient to have these data at hand, accord- 
ingly Table 41 has been drawn up, giving the number of kilos, of 
water required to condense 1 kilo, of steam under various conditions 
— water injected at temperatures of 5°-40° C, and waste water at 
20''-60*' C. The heat of the steam is taken throughout at c = 630 
calories, whilst in reality it varies somewhat in each case. 

3. The Diameter of the Water Supply Pipe, 

The diameter of the pipe, which conveys the water to the con- 
denser, depends on the quantity to be supplied in unit time and on the 
pressure with which it is injected into the condenser. The quantities 
of water necessary in each case may be taken from Table 41, the 
available pressure depends on the special conditions of each installa- 
tion and may vary greatly. If the water tank (or well) is at the 
same level as the condenser, the whole excess of the pressure of the 
atmosphere over the pressure in the condenser is available for drawing 
the water into the condenser. If there is a vacuum in the condenser 
of 700 mm. of mercury, corresponding to a water column of // = 9*525 
m., then the head of water in this case is also h„ = H = 9*525 m. 
If the water-tank is at the height h^ above the condenser, then this 
difference in height is to be added to the vacuum expressed as a 
head of water. The total head is then h„ ^ H + h^. If the water 
is at a lower level than the condenser, viz. at the distance ht below it, 
then the pressure of the water is equal to the difference of these 
heights : h„ — H - hi. The heights h^ and hi must always be 
measured from the point where the water enters the condenser. 
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The weight of cooling water, \V, required to 


condense 1 kilo, of Memm. ■ 




Tempera- 
ture of the 


Temperature ot the waste water. („ in ' C. \^ 




injectod 








WBior, 1.. 




1 1 




- C. _ 


20" 28= BOf. \ 38- 


"• 1 " 1 "^ »' , " 




Weight ot injected water, in kilo*., required lor 1 kilo. «I lUtm- 




5 


44 3 


30 


33-8 


19-7 


16-7 


14-5 


12-T 


11-4 


10-3 




6 


43-3 


31-5 


94-7 


20-5 


173 


14-9 


13 


11-6 


105 




7 


46 5 


33-3 


25-6 


21-3 


17-8 


152 


133 


11-8 


10-7 




8 


50'5 


35 3 


27 


22 


18-3 


15-7 


13-7 


1213 


10-9 




9 


55 


375 


28' 3 


23 


18-9 


161 


14 


12-4 


U-1 




10 


60 '5 


iO 


293 


24 


196 


16-4 


14-4 


12-7 


113 




11 


66-2 


42'9 


313 


24'6 


30 


17-1 


14-8 


13 


11-5 




12 


75-6 


46 '2 


33 


23-6 


20-9 


17-6 


16-1 


13-26 1181 




13 


86-4 


50 


35 


26-5 


91-3 


18-1 


15-4 


13-6 


12 




14 


101 


55 


37-2 


281 


aas 


19 


16 


14 


12-3 




15 


121 


60 


39'6 


29 5 


23-4 


19-7 


16-4 


14-25 


12-6 




16 


152 


66 


42-5 


3M 


241 


20 


169 


14-6 


12-SS 




17 


203 


75 


45 '6 


33 


364 


207 


17-4 


15 


13-U 




18 


303 


86 


49-6 


345 


26-6 


21-5 


18 


16-4 


13-4 




19 





100 


541 


365 


27-8 


22-3 


18-6 


16 


13-8 




20 


— 


120 


59-5 


39-5 


293 


23-2 


19-1 


16-3 


14-1 




21 


-^ 


150 


65 


421 


30-8 


241 


19-8 


17 


14-5 




22 


. 


200 


74-4 


45-4 


32'4 


251 


20-6 


17-3 


14-8 




23 


_ 


_ 


84-4 


49o 


34-4 


264 


21-3 


17-8 


153 




24 


_ 


__ 


99' 2 


53-6 


36-5 


27-6 


22-1 


18-4 


15-7 




2o 


. 





119 


59 


38-5 


29-3 


23 


19 


16 




2ti 





-^ 


149 


65-6 


42 


30-5 


239 


19-6 


16-4 




27 


— 








74 3 


45 


32-2 


26 


20-5 


17-1 




28 


— 


— 


— 


84 '3 


49 


34-1 


2614 


20-7 


17-7 




29 


_ 


_ 





98-3 


632 


36'2 


27-4 


21-5 


18-2 




30 


— 








147 


686 


38 ■« 


28-75 


22-4 


19-2 




31 


— 








197 


6a 


41-4 


30-3 


23-3 


19-5 




32 














73 


44-6 


32 


241 


20-2 




33 














97-6 


48-3 


33-8 


25-4 


20-5 




34 














U7 


53 


359 


26-7 


21-7 




35 














149 


58 


38-3 


28 


22-6 




36 











, 






41 


29-4 


23-6 




37 


_ 


— 


_ 








_ 


44-2 


31-1 


24-6 




38 




















48 


33 


25-7 




39 




















62-fi 


35 


27 




40 


— 


— 


— 


— 


— 


— 


67-5 


37-3 


28-3 


J 
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If it is desired to avoid forcing the water into the condenser by 
means of a pump, the apparatus must never be arranged so that 
H = /i„ for a certain excess of pressure is required to overcome 
the resistance to the movement of the water and to give the water 
a definite velocity. This excess of pressure should never be made 
less than 3 m., and more would be better. 

The dimensions of the water supply pipe for the diflferent cases are 
to be found in Chapter XVIII. and Table 36. 



4. The Waste-Water Pipe (Fall-Pipe) of the Dry Condenser (Fig. 15)» 

The fall-pipe of the dry condenser is used to conduct away 
continuously the condensed steam and the water used to condense it. 
Since there is a more or less complete vacuum in the condenser, 
the pressure of the external atmosphere will keep the water in the 
fall-pipe at a corresponding height, just as it supports the mercury 
in the barometer. 

The pressure of the atmosphere is equal to that of a column of 
water 10'336 m. high at its maximum density, i.e., at 4° C. ; it is 
1*0336 kilo, per sq. cm. Since, however, there is never a complete 
vacuum in the condenser, the height at which the column of waste 
water is kept by the atmosphere is always less. If 6 be the vacuum 
in the condenser measured in mm. of mercury, and the temperature 
of the water 4° C, then the height of the column of water in the fall- 
pipe is, in metres, 

■ 

H= 10-336 A (177) 

Now the waste water is always somewhat warmer than 4° C, 
hence its specific gravity is less and its volume greater ; the column 
of water must accordingly be higher in proportion. 

According to Volkmann (1881), the volume of water, F^, when it 
is unity at 4° C, is : — 

At 4' 30° 40° 50° 60° 70° C. 

F^=l-0 1-00425 1007700 101197 1-01694 102261 

At 80° 100° C. 

F« - 1 02891 1-04323 



r 
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Table 42. 

Tiie height of the water bfirometer at vacua of 570-750 


1 


Water barometer, mm. at 1' C. . - - - 


570 
65 
7793 

1'019GG 
7345 


611 642 ■ 
GO » ■ 

8310 am ■ 

1-01699 ; IDIUI -m 
S150 S856 H 


Tho velocity o[ fall of the water, i-„ and the quaiitil]H 


Diamoter of tha pipe, mm. .... 


100 


125 


150 


The head, k = 0-10 m. - - ■, r. = 
The length of the fall-pipe, / = 

10117 + 100 + 500 = 10717 mm. J 11' = 


0-63 
17-8 


0-66 
29-3 


0-695 
44-2 


The head, /( = 0-20 m. - - 1 «, - 
The length of the fall-pipe. / = } 
10117 + 200 + 500 = 10817 mm. J W = 


0-89 
25-2 


93 
40-8 


0-98 
62-65 


The head, k = 0-30 m. • - i d. = 
The length of the fall-pipe, I = - 
10117 + 300 + 500=10917 mm, J ir = 


109 

30 '8 


1-10 
48-2 


1-ai 

76-9 


The head, h = 0'40 m. - - \ v. = 
The length of the tall-pipe, / = 

10117 + 400 + 500 = 11017 mm. ) 11' = 


126 
35 


1-33 
58-6 


1-40 
89-1 




1 


Thus the height of the column of water when at rest is, m<a 
accurately, tor each vacuum and each temperature, 

H= m336^^jjr„ = 00136iF„ .... (178 

Now the tall-pipe niuat convey a certain quantity of water ii 
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Table 42, 
2nm. of mercury and at the corresponding temperatures. 



668 


705 . 


718 


728 


736 


742 


750 


50 


40 


85 


30 


25 


20 


10 


9065 


9592 


9768 


9902 


10016 


10100 


10212 


1011877 


1007627 


100593 


1-00425 


100300 


100173 


100090 


9184 


9665 


8817 


9944 


10046 


10117 


10212 1 



of water, TT, flowing away, in cub. m. per hour. 



175 



0-70 
60-5 



100 



86-4 



1-25 



200 



0-74 
83-7 



1-04 



117-5 



1-28 



1080 144-3 



1-44 
124-4 



1-47 
166-2 



225 


250 


300 


350 


400 


0-75 


0-761 


0-785 


0-81 


0-81 


103-5 


134-4 


199-5 


280-5 


366-2 


1-06 


108 


1-11 


1-13 


1-14 


1450 


190-8 


282-2 


391-3 


575-4 


1-30 


1-32 


1-36 


1-38 


1-40 


177-8 


234-1 


355-9 


477-9 


6330 


1-50 


1-53 


1-57 


1-59 


1-61 


205-2 


270-3 


399-0 


552-4 


727-9 



450 



0-815 



466-5 



1-15 



658-8 



1-41 



8070 



1-63 



933-0 



m. ; the addition for safety, s = 0*5 m. 



unit time, therefore the water must attain a certain velocity of fall, 
which can only be imparted to it by a certain head, h. 

This head, h, is that column of water, by which the water must 
stand higher in the fall-pipe than the difference between the external 
atmospheric pressure and the absolute pressure in the condenser. 
It is designed in the first place to overcome the resistances offered 
to the downward flow of the water, and, in the second, to impart 
the necessary velocity to the water. 



ai8 
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It thift head of water, ft, be assumed for a definite caa 
velocity u( the fall of the water, and hence the qaantity of wsMi, | 
whto)) flows t)irouti)i a pipe of known section in n certain time, an i 
found from well-known formulie [Chapter XVIII., Eqiutkn (162)]. 
Or, iDversely, a certain velocity of fall may be required, atid the 
liead, k, necessary to create this velocity may be calcala(«d ; since 
we \itk\e adopted the plan of always calculating the efficiency of 
appftrstus of known dimensioQB, the former course te taken here. 
Let (coiniiare Pig. 15) 
H — the height of the water m the fall-pipe muntained by 

the vaoimm, 
A ■■ the head of pressure, then 17 + k = the length of pipe trs- 
veraed by the water in metres, i.e., the theoretical 
heitfht of the fnll-pipe, 
r. = llie velocity of fall of the water in m. per sec. 
d =• the diameter of the pipe in ni,, 
C, « the coeRioient for the reeistaace of the water on entering 

the fall-pipe = 0-505 (see p. 180). 
X — the coefficient (or the friction of the water against the walls 
of the pipe (see p. 180), 
then the foUowiD^ equation holds good : — 



v'ag* 



i*f,-.*5J^ 



(1791 



B + h, the length of the pipe traversed by the water, we may 
assume for purposes of calctdation, with a slight error, to be always 
10 m,, we may then, by inserting various values for h, determine 
the resulting velocity of fall, tv fo^ ^^ diameters of the pipe, d, to I 
considered. 

In Table 42 may be found the velocities of fall calculated t 
equation (179), and thence the qtui-tiUties of water Sowing in 
hour through the fall-pipe, for pipes of diameter d = 100-450 mm. 
and foe heads, h, of 0100-0-400 m. 

The waste water thus always stands in the pipe at the height H 4 
above the lower level of the water. However, this position of the water 
is not steady, but rises and falls in consequence of slight varintionci 
in the vacuum and in the wateT supply, Safety also demands th»fc 
there shall be a certain space, s, above the water in the pipe, s 
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the water may never collect in the condenser. Thus the fall-pipe 
must have at least the height, Z = -ET + /i + s. The length, s, may 
be chosen as desired ; it has been taken as 0*5 m. 

With these assumptions there are given in Table 42, for various 
degrees of vacuum, pressure heads and diameters of pipe, the lengths 
of the fall-pipe, Z, and the quantities of waste water, TF, per hour. If 
the length of the waste pipe be increased its diameter may be decreased, 
and vice versd. In making the choice of a diameter of pipe for a 
definite quantity of waste water, a high vacuum (750 mm.) in the 
condenser will naturally be assumed. 

The mean atmospheric pressure at the level of the sea is 760 mm. 
of mercury. At inland places, which always lie higher, it is less, but 
may there even reach 780 mm. 

The vacuum in the condenser will rarely be higher than 740 mm., 
but it would be well to calculate for a vacuum of at least 750 mm. 

In order to facilitate the entry of water into the fall-pipe, it should 
commence with a conical portion connected to the convex (downwards) 
bottom of the condenser. The angle enclosed by the sides of the cone 
should be 30^ 

5. The Distribution of the Water in the Condenser, 

After determining the weight of water required to condense a 
definite weight of steam, it is necessary to calculate the dimensions 
of the appliances for distributing the water in the condenser. 

There are two principal methods used for distributing the water : — 

(a) The production of a falling sheet (veil) of water by overflow 
over a straight or circular edge (sill). 

(b) The production of water jets or drops by means of flat plates^ 
provided with a rim and perforated by holes, by means of perforated 
pipes, roses, etc. 

(a) Overflows, — The following equation may be used to determine 
the quantity of water which passes over an overflow in one hour : — 

W = ^fibh v/%S 3600 X 1000 (180)> 

in which 

W = the quantity of water flowing over in litres per hour, 
/A s a coefficient of contraction, which we shall take as 0'6^ 
excluding the not very considerable alterations due to- 
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shape and incUuation of the edge by selecting g 
average section, 
(/ = acceleration of gravity = 9'81 ni., 
h = the head in metres, 

i = the width of the overflow (sill) in metres. 
If the constants in equation (180) he replaced by their numerical 
values we obtain 

IT' = 6,400,000 6 v^ (appros.) . . . .(181) 
By means of this equation the necessary dimensions may Ik 
calculated for any case, hut in order to avoid this calculation the 
quantities of water. W, in cub. ni. per how which pass over sills o( 
b = O'5-o m, in width, with heads, li. of 0-O0.5-O'a50 ui., are given 
in Table 43. 



Kmrnptc—li the width of the edge of Che overflow {i,i., Che length at 
aiU) be 6 = 3 in., the head k = 0020 m., then the quantity of waier Bowing 

W = 6,100,000 V(0^ = 6*,a40 litre*. 
(6) Sieves. — The quantity of water, in Utres, which flows in ( 
hour throufjh a hole of diameter d decimetres in the bottom of 
vessel, in which the water stands at the constant height, k, withi 
regard to all the contractions which diminish the mt« of flow, is 
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Table 43. 

The quantity of water, in cub. m., which flows in one hour over 
sills 0*5-5 m. wide, with heads of 5-50 mm. 











Head 


, hf in mm. 






Width of 




• 














overflow, 
6. 


5 


10 


16 


20 


26 


80 


40 


60 


m. 




Quanti 


ty of wa 


ter flowing over, i 


n cub. m 


. per hou] 


1* 


0-5 


11 


3-2 


6-3 


90 


12-6 


16-6 


25-6 


35-6 


0-6 


1-3 


3-8 


7-6 


10-8 


15-2 


19-9 


30-7 


42-7 


0-7 


1-5 


4-4 


8-8 


12-7 


17-7 


23-2 


35-8 


49-8 


0-8 


1-7 


5-2 


101 


14-5 


20-3 


26-6 


41-0 


57-0 


0-9 


20 


5-7 


11-4 


16-3 


22-8 


29-9 


46-1 


64-1 


10 


2-2 


6-4 


12-6 


18-1 


25-3 


33-2 


51-2 


71-2 


11 


2-4 


7-0 


13-9 


19-9 


27-9 


36-5 


56-3 


78-4 


1-2 


2-6 


7-6 


15-2 


21-7 


30-4 


39-9 


61-5 


85-5 


1-3 


2-9 


8-3 


16-4 


23-5 


32-9 


43-2 


66-7 


92-6 


1-4 


3-1 


8-9 


17-7 


25-4 


35-5 


46-5 


71-7 


98-7 


1-5 


3-3 


9-6 


190 


27-2 


380 


49-8 


76-8 


106-9 


1-6 


3-5 


10-5 


20-2 


290 


40 6 


53-2 


820 


114-0 


17 


3-7 


10-8 


21-5 


30-8 


431 


56-5 


87-1 


121-1 


1-8 


4 


11-5 


22-8 


32-6 


45-6 


59-8 


92-2 


128-3 


1-9 


4-2 


12-1 


240 


34-4 


48-2 


631 


97-4 


135-4 


20 


4-4 


12-8 


25-3 


36-2 


50-7 


66-5 


102-5 


142-5 


2-1 


4-6 


13-4 


26-6 


38-1 


53-2 


69-8 


107-6 


149-6 


2-2 


4-9 


141 


27-8 


39-9 


55-8 


731 


112-7 


156-8 


2-3 


51 


14-7 


29-1 


41-7 • 


58-3 


76-5 


117-9 


163-9 


2-4 


5-3 


15-3 


30-4 


43-5 


60-9 


79-8 


123-0 


1710 


2-5 


5-5 


160 


31-6 


45-3 


63-4 


82-5 


128-1 


178-2 


2-6 


5-8 


16-6 


32-9 


47-1 


65-9 


85-2 


133-3 


185-3 


2-7 


60 


17-3 


34-2 


48-1 


68-5 


89-2 


138-4 


191-4 


2-8 


6-2 


17-9 


35-4 


49-2 


710 


931 


143-5 


199-5 


2-9 


6-4 


18-5 


36-7 


52-6 


73-6 


96-4 


148-6 


205-7 


30 


6-6 


19-2 


380 


54-2 


76-1 


99-7 


153-7 


213-8 


31 


6-9 


201 


39-2 


56-2 


78-6 


103 1 


158-9 


220-9 


3-2 


71 


21-0 


40-5 


580 


81-2 


106-4 


1640 


228-0 


3-3 


7-3 


211 


42-6 


59-8 


83-7 


109-7 


1691 


235-2 


3-4 


7-5 


21-6 


43 


60-8 


86-2 


1130 


174-2 


242-3 


3-5 


7-8 


22-4 


44-3 


63-5 


88-8 


116-4 


179-4 


249-4 


3-6 


8-0 


23 


45-6 


65-3 


91-3 


119-7 


184-5 


256-6 


3-7 


8-2 


23-7 


46-8 


671 


93-9 


123-0 


189-6 


263-7 
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Width of 


Head, '', in mm. 1 


















OTsrflow, 
b. 


6 


10 


IS 


ao 


35 


80 


40 


» 




Quantity of wa 


er flowing over, 


n L'ub. m 


pE^boU 




3'8 


8'4 


M-3 


4ft-1 


68-9 96-4 


126-3 


194-8 


270-S 


39 


H7 


24-9 


49-4 


70-7 .' 98-9 


129-6 


1999 


277-9 


4>0 


8'9 


25 6 


m-6 


72'5 101-5 


133-0 


205-0 


285-1 


4-1 


91 


26-2 


51 'S 


74-3 ' 104-0 


136-3 


2101 


292-2 


4-2 


9-3 


269 


M-y 


76-2 1 106-5 


139-6 


215-3 


299-3 


4-3 


9 '5 


27 'S 


o4-4 


78-0 


109-1 


143-0 


220-4 


306-5 


4-4 


9'H 


m[ 


,V,-7 


79-8 


lU-6 


146-3 


3255 


313-6 


i-5 


Kl'll 


2H-H 


57-0 


81-6 


114-1 


149-6 


2306 


320-7 


4'6 


i(i-a 


29-4 


.W-2 


83-4 


116-7 


1530 


235-8 


337-8 


4-7 


10-4 


3(1-1 


59' 5 


85-2 


U9-2 


156-3 


240-9 


335-0 


4-8 


107 


30-7 


60-8 


87-0 ! 121-8 


159 6 


246-0 


3421 


4-9 


109 


31-3 


62-1 


88-9 ' 124-3 


162-3 


251-1 


348-2 


5'0 


111 


320 


fi3-3 


90? 126-9 


165-1 


2563 


356-4 



This theoretical amount of flow is, however, dimioished by tb 
shape of the opening, the form of the edges of the orUic«, til 
roughneas of the walla of the hole and the thickness o( the bottom, t 
such an estent that in reahty only a fraction of the theoretical quantitj 
■of water ean flow tlirough the liole. The holes to be considered hen 
are such as are bored without any great care in the sieve-plat«. 
amount of flow is also affected ia high degree by the violent motii: 
which the water is kept, before its escape, by the supply of fresh v 
falling into the sieve. 

Thus since it cannot be assurned that the quantities of water, evei 
when calculated by well-known fonnulie with regard to the coiitracliouB< 
are realised in practice, we have determined by direct observation th 
quantities of water which flow through holes of 3. 4, 5, 6, 7 and I 



mm. in diameter from i 



which « 



^ kept constantly tilled witi 



water to heights of 10, 15, 30, 40, 50 and 200 mm. It was foun 
that the real amounts of flow were very difl'erent in each case froap 
thoBe calculated without regard to all the disturbing influences — U 
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Table 44. 



i^ The volume of water, in litres, which runs from a sprinkler in one 
hour through holes 2-10 mm. in diameter, with the water at 
heights o( h = 10-200 mm. (Taken at 15 per cent, less than 
the calculated.) 

[&) The number of holes of 2-10 mm. diameter required to pass 4-300 
cub. m. of water per hour, when h = 10 mm. 



^-* 



Height 
of the 
water 
cm the 
sieve, h. 

mm. 



10 
16 
30 
40 
60 
200 



Diameter of the holes in mm. 



3 


4 


5 


6 


7 


8 


9 



10 



(a) The volume of water, in litres, flowing through one hole 

in one hour. 



4-75 


9 


17 


27 


38 


52 


68 


86 


6-2 


11 


20 


31 


47 


64 


83 


105 


7-46 


16 


29 


45 


65 


87 


100 


149 


8-5 


18 


34 


53 


77 


104 


136 


172 


9-67 


24 


38 


59 


86 


120 


153 


196 


19-88 


42-4 


76 


119 


171 


227 


300 


402 



106 
130 
184 
213 
242 
497 



Hourly 
flow of 
water. 

cub. m. 



4 
6 
8 
10 
15 
20 
25 
30 
35 
40 
50 
60 
70 



(6) The necessary number of holes, n, when the water stands 

at the height, h = 10 mm. 



842 


423 


235 


1263 


634 


353 


1684 


846 


470 


2105 


1057 


588 


3158 


1585 


882 


4210 


2214 


1176 


5264 


2643 


1470 


6315 


3171 


1764 


7368 


3699 


2058 


8420 


4228 


2352 


10527 


5285 


2940 


12630 


6342 


3528 


14735 


7399 


4116 



150 

226 

301 

376 

564 

752 

940 

1126 

1316 

1504 

1880 

2256 

2632 



105 

157 

210 

262 

393 

524 

655 

786 

917 

1048 

1309 

1572 

1834 



77 
115 
154 
192 
289 
382 
481 
576 
672 
768 
962 
1152 
1344 



59 
88 
118 
147 
220 
294 
367 
441 
514 
588 
734 
882 
1029 



46 
70 
93 
116 
175 
232 
291 
348 
406 
464 
582 
696 
812 



38 

56 

75 

94 

141 

148 

236 

282 

329 

376 

472 

564 

658 
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Table ii—(cmUiti.)u4). H 




Hourly 
flow of 

L'ub. m. 


Diameter o( the holes in mm. H 


3 3 


i G 


' 


7 


s 


M-°l 


(b) Tlie necessary number of bates, n, wlien the vrater aUmis H 
ftt the height, li =10 mm. ■ 


80 
90 
100 
125 
150 
175 
200 
326 
250 
275 
300 


16840 
18947 
21053 
2G363 
31580 
36889 
4210G 
47415 
52733 
57942 
63160 


8456 
9513 

10570 
13212 

15860 
18497 
21140 
23782 
26425 
29062 
31710 


4704 
5293 

5880 
7350 
8820 
10290 
11760 
13230 
14700 
16170 
17640 


3008 
3384 
3759 
4699 
5639 
6579 
7518 
8458 
9398 
10338 
11278 


20% 
3357 
2618 
3272 
3927 
4531 
5236 
5890 
6545 
71S9 
7954 


1536 
1730 
1923 
2404 
28S5 
3366 
3846 
4327 
4808 
4289 
5770 


1176 
1322 
1468 
1832 
2202 
2566 
2936 
3300 
3670 
4034 
4404 


928 
1046 
1163 
1454 
1745 
2036 
2326 
2617 
2908 
3199 
3490 


753 
848 
913 
1179 
1415 
1651 
1686 
2132 
2358 
2591 
2830 




uch nn exteat that they wera 1-30 per cent. le&9. The mean 
lifforence in tlie flow from that calculated without regard W th» 
jontractioQ was 8'3 per cent. less. 

In Table 44 are given the probable amounts of flow, as shown by 
be experiraenta, through lioles of 2-10 mm. diameter in one hour,: 
,vheD the water stands upon the sieve at heights oF 10-200 mm. 

Since it ie always known how much water i>er hour is to bff 
prayed into the condenser, the number of holes required in tha 
ieve can be at once calculated by the aid of this table. The eieTi| 
aturally passes the more water, the greater the height at which it 
tands on the sieve, so that the height of the water itself regulate* 
le varying suppUes of water required in working every condenser. 

Table 44 also gives the number of holes, n, of 2-10 mm. diameter, 
eoessary to transmit 4-300 cub. m. of water per hour, when the watai 
tands at a height of 10 mm. If the water stands at any other height, 
„ in metres, the necessary number of holes in the sieve is then 
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Accordingly, if n holes are necessary to pass a certain volume of 
water, when the height of the water is 10 mm., the number of holes^ 
n«y required to pass the same quantity of water, when it stands at 
some other height, h^^ is 

K = 15 30 40 50 200 mm. 

n„ = 0'82w 0-58n 0-5w 0-447n 0-224w 

6. The Diameter of the Steam Pipe. 

The weight of steam, D, to be condensed in a certain time is known, 
in each case, as also the desired vacuum. The diameter of the pipe> 
convejring the steam can therefore be found from Table 32 (Chapter- 
XVII.). It is there assumed, in calculating the bore of the pipe, that . 
it is 20 m. long, and that the loss of pressure is 0'5 per cent. If the • 
pipe leading from the evaporator to the condenser has another length, 
t, the weight of steam passing with 0*5 per cent, loss of pressure is . 

V20 
,-. If a greater 
ta 

loss of pressure is allowed in order that a narrower pipe may be used, 
the weight of steam passing through the pipe with z^ per cent, loss of 

pressure is obtained by multiplying that given in Table 32 by a/x^. 

For another length, Z,, and another loss of pressure, 2?^, the weight 
of steam passing through the pipe in one hour is obtained by multi- 
plying the weight in Table 32 by >v/40y. 

Example, — Through a pipe 20 m. long and 200 mm. in diameter, at a vacuum 
of 750 mm., and with 0*5 per cent, loss of pressure, 124 kilos, of steam pass in one 
hour. Through a similar pipe, ^a == 30 m. long, and with 5 per cent, loss of 
pressure allowed, pass 

2> = 124 y^ - J 24 \^-^ = 318-47 kilos, of steam. 



7. The Diameter of the Air Pipe. 

The diameter of the pipe leading from the condenser to the air- 
pomp is determined by the hourly weight of air to be exhausted, which 
v^e assume (somewhat extravagantly, see Chapter XXIII.) to be 0*25 

15 
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Idlo. per 1000 kilos, of injected water. Table 35 gives the weighi i 
air passed through pipes of various diameters, 20 tn. long, with I 
per cent, losa of preaaure. in one hour. For any other lenpth, I,. 
uiother loss of pressure, z., the weights giveD in Table 35 are to l« 

mnletpljed by -vZ-t-^ in order to obtain the weights of air conretfJ 
under these cooditioiis. 



8. TIte Seating of Uie InjixlBii W'altr. 

The injected water is heated through the medium of its surtice b; 
Hie fAenkm, with which it comes into direct contact. The grcatcrthr 
Sur&ce of a quantity of water in proportion to its volume, tlie mw 
nptdly will it be heated by the surrounding steam. With rejiarJ ic 
this point, the division of the water in the jet-condeuser may be effected 
in lour different waj^s : — 

The cooling water may flow over surfaces across which passes iht 

steam to be condense<l. 
It may fall dowa in plane or curved sheets, which axe ia wot 

with the steam on both sides. 

It may fall in jets into the steam in the condenser. 

It may be sprinkled into the condenser in the (oriu of drops. 

The ratio of the surface of the water to its volume depends on ite 

thiolCDcss of the sheets of flowing or falling water and on the ili&meiei 

vt the jets or drops. The following short Table 4-5 has been amnp^ 

in order to form an idea of these conditions. The ratio is given o( ibt 

•urfaott (») iu SI), mm. to the volume iu cuh. ram. (i) for ihioknesses <iil 

or diametors (fi) of 2-10 mm. 

Of the conditions oonsidered iiere, assumed by the 

OOiideDSor, the ratio of tlie sui'faoe to the volume (^ j is the least i" 
thn oaso of wat«r flowing over surfaces and the greatest in the ca^' 
o( «pli«rio»l drojw. Thus water divided into drops will ceteris jxint"'- 
mo*t mpidly acquire the temperature of the surrounding steam i" * 
wawUmaor. llegarded from this point of view, it would he beat "* 
K^tnty the water into the condenser iu the smallest drops possible ; Iwi 
thiw la not easily effected, sinoe it is diflicult to divide water u 
uiiilorui divjie. 
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Table 34. 

passes in one hour through pipes of 40-250 mm. bore and 3 m^ long, 
.cent, loss in pressure (10 mm. of water). 



J 




Diameter 

• 


, d, of the pipe in mm. 






100 

1 


125 


150 


176 


200 


225 


250 


water vapo 


nrs which p 


asses throu 


gh the -pipe 


in one houi 


r. 




336 


587 


940 


1385 


2045 


2674 


3394 


340 


594 


950 


1393 


2077 


2680 


3402 


347 


606 


970 


1429 


2109 


2688 


3470 


356 


617 


986 


1449 


2134 


2714 


3528 


359 


627 


1000 


1472 


2145 


2756 


3585 


367 


643 


1025 


1510 


2178 


2817 


3670 


374 


653 


1043 


1535 


2184 


2869 


3733 


378 


666 


1061 


1564 


2198 


2922 


3802 


389 


681 


1081 


1600 


2223 


2993 


3889 


399 


693 


1111 


1636 


2276 


3060 


3985 


405 


707 


1186 


1668 


2317 


3117 


4052 


417 


727 


1218 


1714 


2378 


3199 


4195 


428 


746 


1251 


1757 


2444 


3286 


4275 


440 


767 


1287 


1809 


2509 


3381 


4397 


453 


789 


1326 


1860 


2576 


3481 


4505 


467 


816 


1365 


1913 


2648 


3583 


4629 


480 


836 


1400 


1963 


2721 


3691 


4770 


498 


868 


1445 


2030 


2890 


3813 


4965 


514 


890 


1509 


2208 


2940 


3952 


5141 


524 


924 

t 
1 


1558 


2230 


3050 


4111 


5400 


554 


1 

970 


1697 


2286 


3173 


4228 


5550 



Bore 150 175 200 225 250 300 mm. 

V, 24-1 2619 27-25 2861 3029 3331 m. per sec. 



Professor H. Lorenz, who published a re-calculation of the older 
researches and of his own in the Zeits. d. V. d. I., 1892, pp. 621 and 
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All methods of dJsuibuting water are employed 
ihus it is important to consider each, and to see what time each 
i]uires in order that the injected water may be heated trom its 
low teraperatare lo the desired higher temperature. 

In mast cases heat is transferred to liquids by means of moTemeBs, 
circulations and currents, natumlly or artifioiaUy produced 
but in this case, in which the wat«r (alls free, such roovemei 
be assumed, since, apart from the friction exerted by the steam on 
surface, and the motions due to the vibrating opiMiing of the oiifii 
only gravity acts upon the particles of water. This force, 
of the complete uniformity of its acdon on all parts, cannot cat 
internal movemente. Thus the heat is transferred from the 
to the interior of the masses of water priucipally by conducltoit. 

The conductivity of water (or heat is very low. Acoordiog t» 

several concordant reseai'ches its ooetficient, X = 0093 graonalorio 

(i.e., per 1 eq. cm.. 1 minute, 10 mm. thickness of the water layer W 

1° C. difference in temperature on the two sides of the mass of waier)nr 

, 0'093 X 10,000 « 10 „..^ , . ,, 

A = DQ jQoo = O'loo calories {i.e., per 1 sq. m., 1 secona, 

1 mm, thickness and 1° difference in temperature); or in other wcnK 
through a layer of water 1 sq, m. in surface and 1 mm. thick, ihe IwJ 
surfaces of which are kept constantly at a difTerence in temperature of 
V C, 0'155 calories pass in 1 second. 

It will further be assumed that the quantity of heat p&sstin: 
through a layer of water in the condition of equilibrium is direcliy 
proportional to the section (Q in sq. m.). the time (z. in seconds), tin- 
constant difference of temperature (ft, in " C). and inversely pm- 
portional to the thickness of the layer of water to be penetrated (i; h 
mm,). Thus in the cotulttion, of equilibrium 



C = 



O^A 



calories . 



(I8ir 



However, in warming water, which is falling in a condenser ii 
form of sheets, jets or drops, we have not to do with a condition a 
equitibriuut, but with the initial period o( the heating, in which tl 
heat penetrates the water from outside by conduction. In this peric 
it is true that the temperature difference between the sle&m and A 
last layer just reached by the heat wa\'e is oonstani • 6„ 
resistance, which the thickness of the sheet of water opposes lo ll 
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||p0iietration of the heat, is zero at the commencement of the heating 
^9^ the surface) and increases with the depth, rj, to which the heat has 
jMinetrated. The thickness of the sheet of water is on the average 

^nly ^. The quantity of heat, which all the more or less heated 

Jbyers together have taken up, is equal to the weight of these layers 
:jQiiiltiplied by the average increase in temperature of all layers (if 

.», - 1). 

The equation for the initial period of the heating has thus the 
■following form :— 

(j^Qh^a (135^ 

a 

2 

Now the heat does not advance from the surface into the interior 

; in such a manner that the thin layer first in contact with the steam 

completely acquires its temperature, and then a second, third, etc., 

, acquire the same temperature. The process is that the layer of 

eontact first acquires a small increase in temperature, which gradually 

rises, but during this rise in temperature the first layer is already 

communicating heat to the second, this to the third, and so on. 

Whilst the heat advances in succession from one layer to the following 

colder layers, the already heated layers are becoming hotter and hotter 

at the same time. The law is : As the distance from the surface of 

contact {between the two suhstatwes xvhich are becoming equal in 

temperature) increases in arithmetical progression, the temperature 

decreases in geometrical 'progression. 

The decrease in temperature from layer to layer follows the same 
law as the decrease in the temperature difference from moment to 
moEaent in heating by steam, as explained, in Chapter I. 

At the commencement of heating water by conduction, after the 
layer of contact has almost attained the temperature of the steam, the 
temperatures of the following layers increase at first rapidly, then very 
slowly. 

The average rise in temperature of the mass of the water at the 
commencement of heating may be determined, as in Chapter I., by 
equation (8), but it may also be found in a finite manner, with tolerable 
accuracy, just as the mean temperature difference was there found. 

If the whole difference in temperature between steam and water 



»» 



II 
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at first be 0^, then, after a certain time, when the heat has penetrated 
the water to some distance, and assuming that the sections of the 
layers remain of equal size, the difference in temperattire 

Between the steam and the first layer = x$^. 

first and second layers = x($a - xOJ) = 3C$^{1 - x). 
second and third layers = x{($^ - xO^) - x$J{l - x)\. 

= xe,(l - x)K 
last but one and the 

last layer = xO^il - xy~^. 

If, as in Chapter I., we represent by 0^ the difference in tempera- 
ture between the last, or wth, layer, which is just warmed, and the 
first layer, which is not warmed at all, then from the above considera- 
tions, just as before, 

■^=1-"^ (186) 

We may now, just as before with the differefices in temperature, 
sum the increases in temperature of the single layers, and divide by the 
number of layers, in order to obtain the average increase in temperature. 
Tlie increases in temperature of the single layers are : — 

Of the first layer - - $^. 

,, second layer - 6„ - x$^ = $„{1 - x). 

„ third '„ - e^i - xy. 

„ nth „ - ^..(1 - xy-K 

The sum 

^•^ = 0.,;l + (1 - .r) + (1 - .r)- + (1 - x)^ + . . . + (1 - x)— »}. 
Thus tlie mean increase in temperature of the water is 

'■■■--,— \\ <'*" 

'•('-■vD 

If we now express, as before, 6^ as a fraction of 0,„ then ^ is always 

a proper fraction. The vahie of ^ must, in fact, with an infinite 

number of layers, almost l)ecorTie zero. We assume its value, on 
account of the finite nature of our calculation, as in Chapter I., to be 
0*01 = I per cent. The inaccuracy is not of much importance. 
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The average, or mean, increase in temperature, ^em> of the 100 
ideal parallel and equal layers in the sheet of water is, assuming that 
the whole difiference in temperature at the beginning is $^ and at the 
end is d. = 001^«, according to Table 1, ^.^ = 0-215^«. 

The quantity of heat which the water has absorbed, when it is 
heated to the depth, 17, in mm., is therefore 

C = 0'2150,Qrf (188) 

Now, in order to obtain an expression for the time, 2r„ during 
which the quantity of heat, C, has penetrated through the surface (or 
section), Q, at the constant difiference in temperature, O^t into a sheet 
of water to the depth, rj, the expressions (185) and (188) are put equal 
to one another. We obtain 

^Q-zA = 0-215e„Qrj (189) 

2kz, = 0-215>y2 . 
or, since \ = 0155, 

^. = 0-69V (190) 



and 



V 



^VoAi ^'^'^ 



Equation (190) gives the time, z„ in seconds, in which a sheet of 
water, rj mm. thick, heated by steam on one side, acquires the 
temperature of the steam on the heated side and is just beginning 
to get warmer on the other side. 

From equation (191) the thickness, 77, of the sheet which is heated in 
this manner in the time, z,, may be calculated. It is seen very plainly 
from equations (190) and (191) that the steam rapidly heats the 
external layers of the water with which it is in contact, and that the 
heat then proceeds only slowly (at a speed inversely as the square of 
the thickness) into the interior of the body of water. 

The principal quantity of heat, which is conducted in a definite 
time into the water, remains in and near the outer layers. Little 
heat is transmitted to the interior, and this little only after the lapse 
of time. 

From these considemtions follow the conditions for a rapid heating 
of water to a high temperature by direct contact with steam : — 

1. The surface of the water must be very great. 

2. The surface must rapidly change. 

3. The period of contact between steam and water must be as long 

as possible. 
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In order Lo express these sbitemente precisely in figures, Table i6 
is added. It gives the depth in mm, to wliioh the heat penetralee id 
0-1-1-3 seooDds into a sheet of water in oonUct witlt steam on oae 
aide, the number of calories which are taken up m this time, nsd to 
what Eraotion of the total difference in temperature, 6,, the toul 
<]uantily of water, 1-7 mm, thick, would he heated if the heat were 
supposed to be uniformty distributed throughout. These v&lues an 
given for sheets, jets and spheres. 

It is clearly seen from Table 46, that the quantity of heat whidi 
enters in no way increases proportionately with the time, but that 
much more heat is taken up by ibe water at the first contact than 
later. 

If the heat has entered a sktel of water from one surface and has 
warmed it (decreasingly) only to the depth, ij. of the whole thickness, 
S, then, as we have seen, the quantity of heat which has entered is &i 
great as if the volume, Qq, of a portion of the sheet had received tbe 
increase in temperature, O'2150^, or as if the w/iole sheet of thick- 
ness, 6, had attained the increase in temperature of 

(,^ = |0'2l5ff„in=C (192L 

In a jet (cylinder) of diameter, 8, which is heated from its surface, 
the heat spreads as in a sheet. But since the volumes of the 
cylindrical layers decrease from outside inwards, and also 
temperatures of the layers, we obtain the following equation, if (, 
the hypothetical increase in temperature of the whole jet : — 



ff'n- 



t..- 



0-21Stf,,(8 - 2 X 0-2i,)<- 

0-86g..?(8 - 0-4^) 



(193; 

(19^ 



In drops (spheres) something similar takes place. The 
increase in temperature, (.», is found by multiplying the volumi 
the heated hollow sphere by its mean increase in temperature and' 
dividing by the volume of the whole drop. The volume heated ii 
equal to the section of the diagram of the heated hollow sphi 
multiplied by the surface of that sphere, which contains the centre 
gravity of this diagram. 




= 0'2156i,,(S 



< 2.j)V 



THE HEATING OF THE INJECTED WATER. 233 

«e*88 = 6 X 0-215^„i;(8 - 2 x 0-2i;)'-^ 

... = l:??M8^L0:m^ (,96) 

o 

Table 46 gives, in column 3, the depth, 17, to which, according to 

Equation (191), the heat would penetrate in z, = 01-1 2 seconds into 

« sheet of water warmed on one side, and in column 4 the quantity of 

lieat in calories which enters in this time through 1 sq. m. of the water 

^surface with a temperature difference of $„ = I'' C. Columns 6-12 

give, for sheets of water, jets and drops of 8 = 1-7 mm. thickness or 

diameter respectively, the mean increase in temperature of the whole 

mass in the times given, for each 1° difference in temperature. 

It is clearly seen from, this Table 46 that the greatest transference 
of heat takes place at the moment of contact of water and steam, and 
that it then becomes much slower, since the difficulty experienced by 
the heat in entering the water increases with the depth. 

It is not maintained that this method of consideration, and the 
conclusions drawn therefrom, lead to infallible figures to be at once 
applied in construction. They appear, however, to approach ver>- 
nearly to the truth and to give very valuable indications. 

9. The Volumes occtipied by 1 kilo, of Air at Various Pressures 
below 1 Atmosphere and at Various Temperatures. 

In determining the dimensions of condenser and air-pump, it is 
necessary to know the volume occupied by 1 kilo, of air under 
diminished pressure and at various temperatures. Table 47 gives 
these volumes for most ordinary cases. It has been calculated in the 
following manner : — 

Let 7i = the weight of 1 cub. m. of air in kilos., 
ai = the volume of 1 kilo, of air in cub. m., 
ti = the temperature of the air in ° C, 
T = the absolute temperature, 

= -h ti, in which a is the coefficient of expansion of air. 
According to Dronke, for air under very low pres- 
sures - = 274-6. Therefore T = 274*6 -j- t,, 

a 

p = the mean atmospheric pressure = 10,336 kilos, persq. m., 

when the barometer stands at 760 mm., 
-B = a constant, which for air is 29*27. 
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Table 36. 

The quantity of water, W, in cub. m., which flows in 1 hour throni^h 

under heads of water of 0*5-25 m. 



Head of 


Length 


Bore of pipe in mm. 












1 


water. 


of pipe. 


30 


35 


40 


45 


50 


60 

1 


Quantity of water, W 


, in cub. m 


I. per hour 


1 
• 


m. 


m. 














0-5 


10 


20 


2-9 


41 


5-5 


6-9 


10-9 




20 


1-5 


2-2 


31 


4-2 


5-5 


8-7 




40 


1-4 


1-7 


2-3 


3-2 


4-2 


6-5 




60 


0-9 


1-3 


1-8 


2-6 


3-5 


5-6 




80 


0-8 


1-2 


1-6 


2-3 


2-9 


4-9 


10 


100 


0-7 


11 


1-5 


21 


2-7 


4-4 


10 


2-8 


4-1 


5-8 


7-8 


9-8 


15-3 




20 


2-2 


31 


4-4 


60 


7-8 


12-3 




40 


1-6 


2-4 


3-3 


4-5 


5-8 


9-2 




60 


1-3 


1-9 


2-6 


3-7 


4-9 


7-9 




80 


1-2 


1-7 


2-4 


31 


4-1 


71 


2-0 


100 


0-9 


1-6 


2-2 


30 


3-9 


6-2 


10 


4-3 


5-8 


8-1 


110 


13-8 


21-8 




20 


31 


4-4 


6-3 


8-5 


111 


17-4 




40 


2-3 


3-3 


4-7 


6-3 


8-3 


131 




60 


1-8 


2-7 


3-7 


5-3 


7 


11-3 




80 


1-6 


2-3 


3-4 


4-6 


5-9 


100 




100 


1-5 


2-2 


1 3-1 


4-2 


56 


8-9 


3-0 


10 


50 


71 


9-8 


13-5 


160 


26-6 




20 


3-8 


5-5 


7-7 


10-4 


12-8 


21-3 




40 


2-8 


4-1 


5-7 


7-8 


9-6 


160 




60 


2-2 


3-3 


4-6 


6-5 


8-0 


13-8 




80 


1-9 


2-9 


4-1 


5-6 


6-9 


12-3 




100 


1-6 


2-7 


3-8 


5-2 


6-4 


10-8 


4-0 


10 


5*7 


8-2 


11-2 


15-6 


19-5 


30-8 




20 


4-3 


6-3 


8-7 


120 


15-6 


24-6 




40 


3-2 


4-7 


6-5 


90 


11-7 


18-4 




60 


2-6 


3-8 


5-2 


8-0 


9-8 


160 




80 


2-2 


3-4 


4-7 


6-6 


8-9 


14-3 




100 


21 


3-1 


4-3 


60 


7-8 


12-3 
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Table 46 — [continual). 



Thickness or diameter. S. in mm., of the 
BbeetD, jetB or dropB. 



Qurease in temperatare, tmt. o( the 
taaeB of water for ft. = I. 



a'2O0b'10O'0-0fi7f)'n5flO-O4OO'034'O029 



p-3Hi;i' . ■ -■' 

— '0'34.1(i _';.->:■ r.i. 

— 0-4120'3J-i()-2o! 



.-,nn- 125 0-108 

1-176 0'143 

■ .Hi-n370-031 
;-.->(i-1340-116 
3120-1880-152 



■ 1 16 0-077 0-058 0-046 -039 -033 
n-jii:iii-i<!<tni7nf)-i400-l 

: ;->-,7..M ._Mn.)9aoa6] 
;iiM- ■ I ■ .M;.,n041 0-033 

u ^, , ,. : I ,-, n 15l'0-135 

U-;i6ii|-;ifHiU-:i.i4U-:31O0-170 
D'1290-Oti6U'UB5.0-0520-043iO-037 
|0-2900-227'0-190'0-160[0-137 
;0-3B4,0-299'0-2450-2190-178 

0-136'0-0900-OG8'o-054.0-045'o-039 
! — :o-3040-240|0-1990-170,0-147 

1 — 0-374 0-306'0-254 0-22HO-187 
i0-142 0-091 0-071 0-0570-046p-041 

— ;o-311 0-2450-201 01710-150 

— !0-384'0-314|o-2630-236p-iy2 



Thea the law is 



The volume of 1 kilo, of air at the pressure, p, and the tempera- 
ture, t„ is therefore 

1 _ 29-27(274-6 + t,) 
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Tahle 47. 
The volumes, in cub. m., of 1 kilo, of air, at abacdate peessaies of fc = 

tempaatmes 



o 
t 

s 

H 



6 

10 
16 
20 
2S 
80 

36 
40 
W 
60 
66 
60 



Vacuum. 



767-89 



2(>1 



756 


753 


750 1 748 745 . 743 740 7S5 

1 


7» 


Ti5 






Absolute pressure, 6. 






5 


7 
Volui 


1 
10 ' 12 

1 


■ 
15 17 20 25 


dO 


35 




ines, at, in cub. m., of 1 kilo, of air. 







174-4() 
ITH-.OH 

wim 

iHii-Hl 
11)01)3 



120 
P22 
11^4 

\m 

128 
130 



Il)r)()4 133 

ii)i)i()i3r) 

203 27 137 
207-31) 131) 
211 •r)l 141 

2ir)(;3i43 



l() 

31 
45 
()() 
74 
1)1 

OC) 
21 
3() 
h\ 

(M 
H 



86-53'60' 

87-3761 

88-90,62 

1)0-44 63 

l)l-97!64 

93-5165 



0815007 40 
16;50-9740 
23;51-8641 
31152-76:42 
3853-6542 
45:54-55!43 



0635 
7935 
5136 
2537 
9737 
7038 



3430 
9730 
6031 
2431 
8732 
5032 



05 24 
5824 
11 24 
•66 25 
2025 
•73 26 



0220021716 
46 20-39 17 47 
88 20-47 17-77 
31 2110 18-09 
7321-4518-39 
16 21-81 18-70 



1)504 66-52,55-44 44 
l)()-58'67-60;56-34 45 
98-11 68-67 57-24145 
1)9-65 69-75 5813'46 
101-67 70-8159-0247 
102-72 71-90 6012:48 



4239-1433-2726 
1439-7733-8027 
8740-4034-3427 
60 41 -03 34-88 27" 
3241-6735-42 28 
0542-3035-9228 



5822 
0222 
44 22 
8723 
2923 
7523 



16 19-00 
53 19-31 
88 19-61 
25 19-93 
6020-23 
96 20-54 



WluMi th(^ hanMneUM' is at b mm. of mercury, the absolute pressure 

Oh 1 H(|. in. is 

10,3366 



V 



760 



(199) 



rhus tlio vohmio of 1 kilo, of air is 

_ 2-149(274-6 -Ml) 



(200) 



Table 47 has been ciilculated by inserting the various values for 
h and /,. 
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2*61-210 mm. of mercury, i.e., at vacua of 75739-550 mm., and at 
from 5°-60° C. 



730 I 716 710 70S 



Absolute preKsure. t 



40 ! 45 50 55 I 60 ' 67 70 76 



150113-34:130010-92,1000 927 8-58 801 
15-29'l3-5912-2311-12 10-19 944' 8-74i 8-15 
15-5513-8212-43'll-32l0-36' 9-60, 8-8918-29 
15-82'14-0612'65'll-51.10-55: 9'77, 9'04'8-44 
16-08'l4-2912-85:ll-70 10-55! 9-93i 9-20. 8-58 
16'36|l4-54 13'08'11-90'10'9110-00, 9-35; 872 

I I I ' I I : 

16-62 i4-77a32812-08 1108;i026 950, 887 
16-89,15-01jl351'12-3011-2&1043 966i904 
17-15 15-24jl3'7l!l2-4811-44ll0'59 9-81 9-15 
17-4315-4913'94:12-68Il-63jl0'76 9'97| 9'31 
17-69 15-72 14-14 12-87 n-7910'9210'12 9'45 
17-97 15-97 14-3T1307 ll-98'll-09 10-27| 9-58 



7'Sl 


7-07 


7*4 


719 


7-7K 


7-3a 


7-91 


7-44 


H'[14 


7-.W 


M-iB 


7-7(1 


B-31 


7B2 


H-44 


V-90 


K-.W 


mn 


M-77 


H-'M 


H>H4 


»-33 


S'Ua 


8-4(i 



10. The Time of FaU of Ike Injected Water. 

In Table 48 are given the distances through which drops of water 
fall in 0-05-1-7 sees., when gravity alone acta on them, without the 
interference of currents of steam or gas. It is seen that water, when 
it falls free, passes through condensers even 4 m. high in 0-9 sec, and 
remains a still shorter time in lower condensers. 

If the current of steam moves downwards in the same direction as the 
water (wet condensers), the time of tall is somewhat further decreased, 
but if the steam moves upwards against the falling water (dry counter- 
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Table 4.7— {c out hi ual). 



S56 6S0 MS 640 



AbeoluCe preBsure, b. 



100 , 105 110 ; U6 120 135 130 



Volumw, oi, in oub, tn., of I kilo, of air. 



C-32 6-01 5-72 ■5'46 5-22 O'OO 4-80 4-62i 4-45 4-39 4 14 4-OU 

6'44 fi-12 5-825 5-66 5-32 5'09 4-S9 470 4-a3 4-37 4-22 4-08 

li-,5f, (>-il2 5-92 5-66' 5-41 5'18 4'97 478 4-61 4-44 4'29,*'l.i 

lr(;7 'r33 6-03 575 5'50'5>27 5>06 4-87, 4-69 4'52 4-36 4 ■£ 

t\-7f< irii 6'13 5-85 5-60 5'36 5-15 4-95 477 4'60 4>44 4-2! 

ti-rtH t>o46 6'24 5-95 5'69 5-45' 5-23 5'03 4-«5 4'6tt 4-5l', 4* 

7-00 G66 ! 6-33 605 5-79 554 5-32 511 4-93 4-75 458 4 41 

711 6-76 644 615 5-H8 563 5-41 520 501 4-83 4-66 4-51 

7-22 6-87 I 6-54 624, 597 572 550 528 508 4-90 473' 4 5? 

7-34 698 6-65 634 607 580 5-58 5-36 5-17 498 480 4-61 

7 45 7 08 675 6 44 617 5-89 5-67 5-44 5-24 5-06 4-ft8 4 T^ 

7 57 719 685 653 6-25 598 574 5-53 5-33 514 4'95. 4-r 



current condensers), the time is so'newhat longer. In any easi 
rlrops of water oan expmience but a slight and iDButficieiit beating 
in this short time, as Table 46 shows. Since the distances fallen 
through in the first moinenls are much smaller than those i 
succeeding moments, steps or catch-plates, placed at short dist&ucg 
apart, and continually bringing the water ajifain tn rest after brief il 
lervals of falling, serve to lengthen considerably the time of fall. 

By the aid of the preceding separated considerations of I 
requirements of jet-conilensera, we can now determine their pr 
ripal dimensione for the most usual cases ; this is done in Tables 4 
and 51. The principles upon which these tables have been calculate 
rausl first bs briefly indicated. 
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Table 47 — (continued). 



Vfiuiuum. 


2 

s 

s 

El 
ti 


605 


600 


595 


590 


1 

585 580 

1 


575 1 670 

1 

1 


665 


560 


665 


560 


Absolute pressure, b. 


156 


160 165 170 


175 


180 


186 


190 


195 


200 


1 
205 210 


Volumes, ai, in cub. m., of 1 kilo, of air. 


3-87 


1 

3 75 3-64 3-53 


i 

3-43 3-33 


3-24 


316' 308 


3 00 


2-93 


2-86 


5 


3-94 3-82 3-70: 360 3-49 3-39| 330! 322; 314 


3 06 


2-98 


2-91 


10 


4-01 3-89 3-77 366 3 56 3-45, 336 


3-27, 318 


3-10 


303 


2-97 


15 


4-08 3-95| 3-83 372 362 3-52; 3-42i 333 324 1 316 | 308 


301 


20 


416 


4021 3-90, 3 79 368 3-57, 3-48| 339 330 \ 322 


314 


3 06 


25 


4-22 


4 09 


3-97 3-85 374 3-63; 3-53| 344 335 327 


319 


312 


30 


4-29 


415 


403 3-91 3-80 3-69 359 349' 340 ' 332 


3-24 


317 


35 


4-36 4-22; 409; 397 386 3-75' 365! 355 346 ! 337 


3-29 


3-22 


40 


4-43' 4-29 416, 404 392 381' 370^ 361' 352 ' 343 


3-34 


3-27 


45 


4-50i 4-36 4-23 410 398 3-87; 377 367 358 , 349 ! 340 


3-22 


50 


4-67, 4-42' 4-29 4-16 405 393' 3821 373! 363 , 354 345 ■ 337 


55 


4-64 4-49, 4-35 423 411 3-99' 388' 378 368 , 360 

' 1 1 


3-50 


3-42 


60 



11. The Dimensions of Wet {Parallel-Current) Jet-Conde7isers. 

Wet condensers are used with advantage in connection with 
evaporators of small and medium capacity, evaporating 100-3000 
kilos, per hour, for which limits Table 49 has been calculated (Fig. 
14, p. 210). 

The wet parallel-current condenser is a closed vessel, which is 
entered at the top by the steam to be condensed and the cooling 
water, and from which the liquefied vapours, the heated cooling 
water and the uncondensed gases are together exhausted by means 
of a " wet " air-pump. The diameter and height of the condenser 
and the diameter of the pipes, by which the steam and water enter 
and the water leaves, are to be calculated. 
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Table 


48. 






1 


Distance in mn 


n, traversed in n free fall diu-ing 0-05-1-7 seconds. 




Time, 


Height 


Time, 


Height 


Time. 


Height 


Time, 


H«gDl 




'^ 


of fall. 


i- 


of feJl. 


i- 


of lB.il. 


/.. 


ofitii. 




sec. 


mm. 


eec. 


mm. 


KC. 


mm. 


sec. 


mm. 




006 


12-6 


0-30 


441-46 


0-775 


2943 


l-2o 


7663 




006 


17-62 


0-325 


517-4 


0-80 


3139 


1-275 


7947 




007 


23-8 


0-35 


597-9 


0-825 


3335 


1-30 


82S9 




0'08 


31-36 


0-375 


699 


0-85 


3541 


1325 


86W 




0-09 


39-69 


0-40 


784-8 


0-875 


3751 


1-35 


8936 




010 


49-05 


0-426 


8S4-9 


0-90 


3971 


1-375 


9360 


1 


0-U 


59-35 


0-45 


993-9 


0-925 


4193 


1-40 


9613 




0-12 


70-6 


0-475 


1105-4 


0-95 


4414 


1-425 


9947 




0-13 


82-8 


0-50 


1226-3 


0-975 


4658 


1-45 


10000 




oa4 


961 


0-525 


1350-4 


1-00 


4905 


1-475 


10657 




015 


1104 


0-55 


1483-7 


1-025 


5169 


1-50 


10996 




016 


125-5 


0-675 


1629-9 


1-05 


5507 


1-625 


11417 




017 


141-7 


0-60 


1766-8 


1075 


5659 


1-65 


1182-1 




016 


158-9 


0-625 


1926 


MO 


5935 


1-575 


12132 




0'19 


177-1 


0-65 


2069 


1125 


6188 


1-60 


12544 




0-20 


196-2 


0-676 


2232 


115 


6483 


1-623 


12936 




0-225 


247-9 


0-70 


2403 


M75 


6771 


1-650 


13343 




0-25 


306-5 


0-725 


2573 


1-20 


6953 


1675 


13750 




0-275 


370-4 


0-75 


2756 


1-225 


7360 


1-70 


14161 





This species of oondenser is called "wet," since it is tJvajs I 
connected with a, " wet" air-pump, i.e., an air-pump which exhaustol 
the water together with the air. 

" Dry " condensers are so called becauae they are connected -wiA 1 
a "dry" air-pump, i.e., a pump which extracts only air, withoi 
water. The waste water of dry condensers generally passes awi 
by its own weight by means o( a barometric ooluiiin (Fig. 15, i 
observations on p, 208). 

A wet condenser should never lie connected with a dry air-piim|t 
which cannot take the waste water. 

Tliediatneter of the steam-pipe leading to the condenser may be foti 
by means o( Table 32. in which is given the weight of steam passing 
in one hour through pipes 20 m. long with a loss of pressure of Ofl 
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per cent. In settling the conditions for Table 49 we have, however, 
assumed that the resistance in the pipe between evaporator and con- 
denser may take 2 per cent, of the absolute pressure. In this case 
double the quantity of steam passes through the same pipe, and for 
the desired capacity the pipe will be narrower and therefore cheaper. 
This condition is taken because in reality the assumed high vacuum 
(705 mm.) is not always maintained, and since, in order to meet 
fluctuations in working, condensers are generally made very large in 
proportion to the work required of them. Steam-pipes of very much 
snialler diameter are frequently found. 

The difference in temperatxnre between steam and cooling waters 
when they enter at the top, ranges between about 55°-30° C. 

The temperature difference at the end (bottom) is 35°- 20° C, since 
the waste water should never be allowed to become very warm. The 
temperature difference at the bottom accordingly is to that at the top in 
the ratio ^| or J J, i.e., at the mean, is about 066 of the difference at. 
the top. The cooling water is therefore only heated through about 
^ of the original difference in temperature between steam and water, 
or tt = 0'33^a, for which the following times are sufficient, according to 
Table 46, for drops of 

8=1 2 3 4 mm. diameter. 

2, = 0-1 0-3 0-6 11 seconds. 

In order that the drops may be in the condenser during these 
times, the following heights of free fall are necessary : — 

;i = 49 441 1765 5935 mm. 

When the water is very finely divided, a very short time suffices 
to warm it ; for drops of 1-2 J mm. diameter, condensers 1000 mm. 
high, without steps, are approximately sufficient. Much larger drops 
cannot be sufficiently heated by similar condensers of great height. 
Experience shows that in practice, when the water is well divided, 
good results are obtained with these dimensions. If thicker masses 
of water are intended, one step is, in general, sufficient. 

The free section of the wet condenser ,need not be much greater 
th|ui that of the steam pipe, if the latter has the proper dimensions ; 
but it may be larger without harm, since the velocity of the steam 
diminishes in the condenser, from its entrance downwards, to zero, 
and is on the average about half as large as at its entrance. 

16 
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The section of the condenser is generally diminished by the [npeH 
through which the water k injected, and ako by the jets and drops i4l 
water. f5ince the friction of the great number of particles of wutrl 
against the current of steam is aot inconsiderable, it is well to eolui^a 
the section of the condenser correspondingly, in order to prevent loa I 
of pressure. For condensers without steps we adopt a section aboolJ 
20 per cent, greater than that of the steam pipe of liberal dimensiora.! 
If there are one or two steps in the condenser, the section must be tlM 
least double that of the pi(>e by which the steam enters. M 

The mean pressure, which the current of steam exerts on the fsUilM 
drops in their direction of motion, increasing their acceleration ufl 
thus decreasmg the time during which they are falling through tlifl 
condenser, is calculated only at abOut one-quarter of that which tfafl 
entrant velocity of the steam would exert; this is because the diopd 
by their velocity of fall, theniBelves diminish the influence of tlilfl 
pressure. Even if tlie velocity of the steam on entering the top dM 
the condenser were 30 m. per second, it would only slightly short« 
the time of fall of small drofja of 2 mm. diameter, and this all llifl 
less when the drops, thrown violently about, touch the walls and ai^ 
retarded, 

Tlic internal lieii/ht of condensers unthcul steps, from the siewn 
«ntrance to the water exit, is therefore taken for small apparatus it 
not leas than 1000 mm., and somewhat greater for larger apparatos,, 
since in the latter the water is not perhaps quite so thoroughly divided. 
This height is also sufficient when one step la introduced. With tns- 
steps the total height may he 1-25 times as great. 

The diaiiiBter of the rcater-pipe. The limits of the temper&iurw oE 
the steam to be condensed are about ^"-iS" C, the UmJts of the Inlliw 
temperature of the injected water are about 8''-25° C. Thus vre findi 
from Table 41 that the condensation of the steam rarely requires moi^< 
and generaUy much less, cooling water than 45 times the weight 
the steam. 

The water may be conveyed to the condenser from a tank at a uia 
or less high level m such a manner that the natural auction of d 
Tacuum in the condenser, together with the hydrostatic pressure (ns 
the condenser to the tank, causes the velocity of the water in the supplj 
pipe. The suction of the condenser alone may also draw the waW 
dheot from a vessel, well or tank at a lower level (Chapter XVIII.). 

In the former case the pressure which moves the water is o 
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siderable, being equal to the vacuum (measured in metres of water 
column) plus the hydrostatic pressure. In the latter case it is very 
small, being equal to the vacuum minus the distance from the water 
level to the point at which the water enters the condenser. It is not 
advisable to employ a lower pressure than 3 m., since, otherwise, 
variations in the level of the water and in the vacuum may be 
dangerous, although it is always possible to work with a very slight 
excess of pressure, even only 200-300 mm. In that case, however, 
very wide supply pipes must be used, and there arises the danger that 
the supply of water to the condenser may be stopped by any accident. 
With a vacuum of 680 mm. of mercury (9-248 tn. of water) the greatest 
permissible normal depth of the water level below the water entrance 
into the condenser w^ould be 9*248 - 3*0 = 6*248 m. 

In Table 49 are given, by the aid of Table 36, the diameters of the 
water supply pipe for the four cases of an excess pressure of 1, 3, 6 
and 9 m., and under the assumption that the largest quantity of water 
mentioned (45 times the weight of the steam) is to be introduced into 
the condenser. 

The spraying of the water in the cmidenser is generally accomplished 
by means of perforated pipes or plates. The holes in the pipes and 
plates should be small, since the water always passes through them at 
a considerable velocity, on account of the tolerable excess of pressure. 
The number of holes has been calculated for diameters of 2 and 3 mm. 

If the injector pipes are vertical and enter from below, too many 
holes are no disadvantage, since, when a number of them remain 
unused, the water is still well divided. 

The injector pipe must be closed at the end in the condenser, so 
that the water may remain in it under at least a part of the excess of 
pressinre. The water will then be thrown, with a certain velocity, from 
the small holes on to the condenser wall, where it is broken up into fine 
drops. A portion of the water will doubtless flow down the condenser 
wall, by which its surface is diminished, but since the water flows 
down much more slowly on the wall than when it falls free, the dis- 
advantage of the smaller surface is to a great extent counterbalanced 
by the longer contact with the steam. 

The outlet pipe of the condenser leads directly to the air-pump. It 
must be wide enough to carry off air and water together. The lower 
part of the section of this pipe, which is required for the water, is 
determined on the permissible assumption that it has a velocity of 
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The dimenaiona of wet (parallel -current) jel-etwidensers wiih- 

vacuud] o) 



niu to l)c cundeiDieil in o 



The Qecessary coolingi weight of steam x 15 - 

water, in litres / „ x 45 - - 

Diameter of the condenser, without steps 
Height .. .. „ - - 

Diiitueler of the steam inlet, for 705 mm. vacuum and 

'2 per oeiit. loaa of prea^ore - - - - 

Dittnietor of the water inlet, at i m. excess pressure 
at 3 m, 
at 6 ui. 
at 9 m. 
,, ,, conneotion to the air-pump 

Diameter of the separate air-pipe to the pump, if oae wi 

Diameter of the internal pipe of the injector - 
Nuinlier of holes in the Injector pipe { -I- 20 i>er cent.) :- 

Holea 2 mm. diamet-er, 0-5 m. pressure (30 litres 

per hole per hour) . . . - 

Holes 3 mm. diameter, 0"5 m. pressure (68 litres 

per hole per hour) . . . . 



0'5 m. per second, corresponding to a pressure-head of about 35 rai 
The upper part of the section is for the air, and is obtained fro 
Table 3d ; the section of the pipe there given for the quantity of air 
added to that necessary for the water. It is assumed that 1000 liti 
of cooling water contain 025 kilos, of air. 

ExamiiU. — Fortliecoudcaaiitioiiof lOOOkilos. of steam per hour, the di&inell 
o( tbe Rleam pipe, at a vacuum oi 705 mm., is 3fi0 mm. by Table 32, it a loaaU 
prowuro of 2 per cent, is permitted : the sectloD of the ooDiJenwr without a 
ahuuld b« 30 per cent, greater, beoce its diameter ia 400 mm. 

The height of the condeDEier »e take at 1100 nun. 

The maximum quantity of water is, aocordiag to our ossumptioD. t6 k lOOO h 
45,000 kilos, por hour. The supply pip« must, therefore, by Table 36. be BO n 
in dismeter (or a length of 20 m. with S in. excels ol pressure. 

Tlirough a hole. 2 mm. in diameter, 25 licre^i p&ss in uuo hour at O'S m. etc 
ptosnure, according to Table 44. The performtcd pipe mu&t therefore have, iu ( 



out stepe, 
705 mm. 
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Table 49. 
for condensing 100-3000 kilos, of Bteam per hour at a 



SCO 


300 


500 


1000 


laoo 


2000 


8000 


3000 


4500 


7600 


16000 


22600 


30000 


45000 


9000 


13500 


22500 


46000 


67600 


90000 


135000 


185 


215 


280 


400 


440 


500 


555 


1000 


1200 


1300 


1400 


1600 


1600 


1800 


175 


200 


250 


350 


400 


450 


600 


55 


60 


75 


100 


125 


140 


165 


45 


65 


60 


80 


95 


115 


125 


40 


45 


- 55 


70 


80 


95 


115 


30 


40 


50 


65 


76 


85 


100 


90 


110 


150 


190 


235 


270 


325 


45 


60 


60 


75 


80 


90 


100 


60 


80 


90 


100 


125 


160 


200 


360 


580 


900 


1800 


2700 


3600 


5400 


160 


260 


400 


780 


1200 


1600 


2400 



account of possible stoppages 
. diameter. 






- 11-25 kilt 



present case, — ^ — = 1600 holes. On 
2000 holes. 

The injector pipe ia taken at 100 mn 

The weight o[ air to be exhausted i: 

and at a vacuum of 705 mm., according to Table 35, the air auction pipe (if such 
wore used) mu»t have a diameter of 65 mm., i.r.. is, -iccioii of ;iS sq. dcra. 

The pipe leading from the condenser to Dio air-ptimp must have this 
•ection for the air— 0-38 sq. dcm. — and also that required for the water, which is, 
i5.000 



4500 X 0-25 
"^ XOOO 



lor a velocity of 0-5 m. per second, s 



= 2-5 



a of 0-3J 



dcm. The c 
25 = 2'83 aq. dcm., equal t 



to 
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12. The Diimmions of the Dry (Caunter-current) Fall-pipe Jet- 
Condenser, 

The **dry" jet-condensers, which are almost always oonslracted 
to work with counter-currents, are closed vessels, which the steam 
to l>e condensed enters at the bottom and the weU-sprayed cooling 
wator at the top. The heated water flows away spontaneously 
U^gothor with the condensed steam by means of a fall-pipe (barometer 
tulnM at the bottom, whilst the air and gases are exhausted cold at 
the top. Dry condensers are often used for small and medium 
cu(vt\citios, for large almost invariably. Their chief dimensions are 
^iven in Table 51 for an hourly condensation of 300-12,000 kilos. 
(StH^ Fi^', lo» p. 211). 

If t)u> i\>oling water has in the condenser a free fall of 

/j = 1 2 3 4 5 m. 

it.*? tliooivtioal 

limo of fall, r. = 046 064 079 091 1015 seconds. 

In thoso times a jet of water of thickness S mm. takes up such an 
amount of boat (according to Table 46) from the surrounding steam 
that it is boated through the following fractions of the original 
tomponuuro ditTorence. 0,, : — 

If «^ 1, the hojiting is 0-4(>06^.. — _ — _ 

t^ - L\ .. 0-8(K)6l.. 0-335^.. _ _ — 

cS 3. ., 0-22r)^.. 0-225^,. 0-247ft. 0-278^, 0290^,; 

«^ - 4, .. 01(>3^, 0188^.. 0-193^« 0-217^„ 0-227^,. 

Kj.Mr.n.V. — If rt jot of water of tlnokuoss 5 =^ 3 mm., at a temperature of 10^ 
i\. frtlls througlj 4 m. in sti'iim of 55^ C, it is heated through (55 - 10) 0*278 = 
V2y C. ami thus has finally tiio tounK^rature 10 + 12-5 = 22-5" C. 

From the aln^vo figures it may be gathered that, although the 
inomisos of tompenituro just given may not be exact, a condenser, in 
whii'li tlie water foil straight to the bottom without stops, must be 
very liigh, and tlio water very tinely divided, if it is to be heated 
lunirly to the temperature of the steam. A very fine spray of water 
is n^n easily obtained and necessitates a slowly rising current of steam. 
Tlierefore dry condensers without steps must be of great height and 
diameter. 

Tlie water may be made much hotter if it is allowed to fall through 
the same total height in several short stages, by each of which it is 
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ti given a fresh surface. This is made clear by the example below. 
^ For since the velocity of fall is the least at the beginning, the period 
V dnring which the water is in the condenser increases with the number 
of steps, as also does the number of changes of surface. 

Example, — If a jet of water, 8 = 3 mm. in diameter, at 10^ C, falls down five 
steps, of 800 mm. each, through steam at 55° C, the heating is : — 

At the end of the first fall (Table 46) : (55 - 10) 0-200 = 90° ; 

the temperature of the jet is then 10 + 9*0 = 19*0°. 
After the second fall : (55 - 190) 0-200 = 7-2° ; 

the temperature of the jet is then 190 + 7*2 = 26*2°. 
After the third fall : (55 - 262) 0200 = 576° ; 

the temperature of the jet is then 26*2 + 6-76 = 31 -96°., 
After the fourth fall : (55 - 3196) 0200 = 4-61° ; 

the temperature of the jet is then 31*96 + 4 61 = 36-57°. 
After the fifth fall : (55 - 36-57) 0200 = 3-69° ; 

the temperature of the jet is then 36-57 + 3*69 = 40-26°. 

In a straight fall without steps the heating'would only be through 22*51°. 

The determination of the number and the height of the steps is 
accomplished by the method in the following paragraph, in which it 
is assumed that the temperature of the steam to be condensed remains 
the same from bottom to top of the condenser. This assumption is 
not quite accurate, for the tension in the counter-current condenser 
must be somewhat less at the top than below, because only so would 
there be a current of steam towards the top. The tension at the 
bottom is due almost alone to the steam, at the top to the air almost 
entirely; between the extremes the tension of the air diminishes 
towards the bottom, that of the steam towards the top, consequently 
the temperature of the steam also must diminish towards the top. 
But these differences are not very considerable at the places where 
condensation is still really taking place (which condition we are con- 
sidering here), therefore we neglect them for the sake of simplicity. 
In what follows it is assumed that all the steps are of equal height. 

If the whole temperature difference between steam and cooling 
water be 0^^ and this be diminished below the top step by the fraction, 
aSa, by absorption of heat by the water from the steam, then, of the 
residual difference, $„ - aO„y a fraction, a{6„ - aO^) = aO^{l - a), is 
removed below the second step. Below the third step the remaining 
temperature difference, 0„ - a$^ - a^„(l - a) = 6„{l - a) - a6„{l - a) 
= 6a{l - a)2, is diminished by a^„(l - a)^, and by the last (lowest or 
nth) step by the fraction, a^„(l - a)"-^ 
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The sum of all these intervnls of temperature would be. ia th> 
most fftvourable case, equal to the whole temperature differeooe, 9^ 
but is, in reality, only a more or less large part of the vrhole differeoMi. 
It IB naturally eiideavouretl to make the tem{)erature of the vtOe 
wAter approximate aa nearly as poasihie to that of the &team. 

Let p \ie A percentage and {^ the portion o( the original t^inptn- 
tnro difference removed, i.e., the sum of all the separate intermUof 
temperature given above, then 

j^tf. - «ejl + (1 - a) + (1 - a)* + (1 -«)» + ... (1 - .)-"|; 

or, summing the geometrical progression, 

100- (l-.)-l 



100 ' 



- (1 - ")■ (201) 



If the increase in temperature of the water, a, in the highest step 
!s known, and also the number of steps, then this equation gives the 
fraction of the whole difference in temperature which is removed by 
all the ste|>s, i.e., by how much the temperature of the water 
approaches that of the steam. 

The value of a depends on the time during which the water drops 
are exposed to the action of the steam, which time is obtained directly 
from the height of fall of the drop. 

Table 50 i^ives, by the aid of equations (110) and (194) and Tables 
46 and iS, figures which show by what fraction the original tempera- 
ture difforence. ft,, is diminished in condensers »nth 1-8 steps of equal 
heights of 200-1000 mm., when the water falls in jets of 2-7 mm, 
thioknoas. The table shows to what extent the temperature of the 
waste water increases with the smallness of the drops and the number 
and height of the steps. 

In i-eolity there are in the condenser not only jets of every size 
but also drops and sheets of water. A very line water-dust is formed, 
which is hoateii, and then unites with the other water, because of thv 
ourrenis of steam and the fall, or is carried to the wall. This ciroam- 
stanoe, and also the presence of sheets of water moving in the con- 
denser, from which di-ope are throu^n off, in conjunction with ibe 
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inaccuracy of the formulsB which have been given to represent the 
process of heating, often cause the water to be heated to a greater 
extent in actual practice than would be expected from Table 50. This 
table is to be regarded as giving only a general picture of what occurs, 
without being an exact representation of fact. 

ExperiencB shows that with 5-6 steps, and a total height of 2500- 
■3000 mm., very warm waste water may be obtained, even when the 
water is injecteil in jets of 5-6 or even 8 mm. diameter. A finer 
spray of water and more steps improve the action. 

The viaximuiyi velocity of the steam at the bottorti of a condenser 
without steps should be that velocity which exerts a pressure on a 
falling drop equal to double its weight (Chapter XV.). If there are 
steps in the condenser, the greatest velocity should only be somewhat 
greater than that which exerts a pressure equal to the single weight 
of a drop. 

Thus, according to Table 23, the greatest velocities for steam at 
40** C. (706 mm. vacuum) would be : — 

Por drops of diameter 01 0*25 0*5 1 2 3 4 5 mm. 
In condensers 

without steps 9*2 146 206 29*2 42 50*5 585 653 m. 
In condensers 

with steps 6-5 103 1459 206 292 353 42 462 m. 

In the author's opinion, founded on observations made on con- 
densers, these calculated velocities are too low. In order to exert 
the pressures mentioned the velocities must be about 1'33-1*5 times as 
great. Also in aU condensers it is a question not only of drops, but 
also of jets of water, upon which the current of steam has much less 
action. The majority of the drops, however small, are heated by the 
current of steam and then unite with the other water or are thrown 
against the walls and thus prevented from being carried forward. 
Finally, in almost all Condensers a portion of the steam (10-15 per 
cent.) is condensed before it comes to the vertical rise. 

On all these grounds, according to experience, the first and lowest 
contraction of a condenser without steps may have such a section 
that steam of 705 mm. vacuum attains in it a velocity of about 65 m. 
per second. In a condenser with steps the velocity may be 55 m. 
per second. If there is a lower vacuum in the condenser, the volume 
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Table 50. ■ 


The fractions by w 


lich the original difference in temperature, t.. H 


betweeu steam and water is diminished id dry eounter-current 1 


(101 


denaers witl 


1-8 steps, each 300-1000 mm. in height. Thw 1 


w&ter is in jets 


of B = 2-7 II. m. diameter. 1 








{t.6^ when 6, = 1.) | 




^^ . 


~ i 


■3 »S 


i 


Diameter ot the wMer jefs, 1. in mm 1 




1 


li 

200 


Hi 


"-1 

Wo 8 
200 




2 


3 


4 


5 





T 


0-20 


0-205 


0-U2 


0-109 


088 


074 


0-064 




2 






400 


0-368 


0-264 


0-199 


0158 


0143:0 1241 




3 






600 


0498 


0-368 


0-393 


0-229 


0-220 


017S 




4 






800 


0-600 


0-459 


0'359 


0-293 


0-266 


0-233 1 




6 






1200 


0-748 


0-600 


0-500 


0-408 


0-378 


0-324 i 




8 






1600 


0-841 


0-706 


0-580 


0-500 


0-462 


0-418 I 




1 


300 


o'25 


300 


0-226 


0-150 


0-120 


0-097 


0082 


0-071 ■ 




2 






600 


0-4O0 


0-298 


0-242 


0185 


0157 


0-137|H 




3 






000 


0-535 


0-386 


0-340 


0-264 


0-237 


0'19^| 




4 






1200 


0-630 


0-479 


0-427 


0-336 


0-290 


0'24j^| 




ti 






1800 


0-784 


0-623 


0-364 


0-460 


0-403 


0-357^1 




8 
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0-871 


0-730 


0-673 


0-559 


0-496 


0-44S^| 
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400 


[)-285 


400 


0-240 


0-156 


0-129 


0-104 


0-088 


076^1 




2 
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0-198 
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0-340 


0-281 


0-242 0-21lfl 




i 






1600 


0-668 


0-493 


0-426 


0-357 


0-308 1 0-37IH 




6 






2400 


0-808 


0-695 


0-565 


0-483 


0-426 


0-3™ 




8 






3200 


0-890 


0-743 


0-671 


0-687 


0-521 


0-469 




1 
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0'3o 
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0-261 


0-184 


0-143 


0-115 


0091 


0083 
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0-174 


0-159 
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0-307 


0-249 


0-229 
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0-682 


0-558 


0-458 


0-387 


0-318 


0-293 
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3600 


0-837 


0-705 


0-602 


0-590 


0-436 


0'40S 
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0-706 
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0-196 


0-151 


0-121 


0-105 


0-091 
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0-476 


0-352 


0-279 


0-229 


0199 


017 
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0-622 


0-481 


0-388 


0-321 


0-283 


0-24 
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3200 


0-727 


0-580 


0-480 


0-404 


0-358 


0-31 




t; 






4800 


0-857 


0-731 


0-625 


0-531 


0-456 


0-43 




8 






5400 


0-927 0-S24 
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0-645 


0-588 
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Table 50 — (continiisd). 



lis. 


^ ^ , - « O Height of 
"""""§ 1 Qg^^Yi step. 


ae of fall 
ough 
i step. 


Height 
;»- of the 
condenser. 


Diameter of the water jets, 8, in mm. 


n 


•-• *3 S 
H ^ O 

2, 


2 


3 


4 


5 


6 


7 


1 

2 
3 

4 
6 
8 


0-4 


[6 


1000 
2000 
3000 
4000 
6000 
8000 


0-294 
0-502 
0-651 
0-752 
0-878 
0-939 


0-221 
0-393 
0-527 
0-632 
0-776 
0-865 


0-161 
0-297 
0-410 
0-505 
0-652 
0-756 


0-136 
0-254 
0-355 
0-443 
0-584 
0-691 


0-116 
0-200 
0-297 
0-376 
0-505 
0-611 


0-096 
0183 
0-262 
0-333 
0-455 
0-555 



of the steam will be lower, and the velocity, and hence also the 
danger of carrying drops away with the steam, less. 

Since about 10 per cent, of the steam to be condensed is already 
liquefied before it enters the lowest narrow section, this section may 
be based upon a velocity of 70 m. for the whole quantity of steam. 

1 kilo, of steam at a vacuum of 705 mm. has a volume of 19,500- 
litres, therefore 1000 kilos, of steam at 70 m. velocity require, without 
steps, a section of 



19500 X 1000 
3600 X 700 



= 7-5 sq. dcm. (approx.). 



In condensers with steps the velocity may reach 55 m., therefore 
1000 kilos, of steam at 705 mm. vacuum require a section of 



19500 X ^000 
~3600 X 550 



= 10 sq. dcm. (approx.). 



Since, however, only half the section of a condenser is left free 
for the passage of steam by reason of the inserted plates, sieves 
and divisions, the whole section of the condenser without steps 
should be 15 sq. dcm. for 1000 kilos, of steam, and the section of 
the condenser with steps 20 sq. dcm., from which the diameter may 
be obtained. 

For the smaller capacities, to condense 1000-2000 kilos, per hour,. 
the diameters, as determined by this rule, must be somewhat in- 
creased, in order to allow for the greater friction, the inaccuracies 



qfia evapohatiko and cunuensing appabatus. 

Table 51. 
The itimenaions of (dry counter -current) (all-pipe jet-oondensers, wil 



Sluam lo l-e condenBeii in one haai in kilos. 



The DOoeHSMf quantity ^ Weight of ■team x 10, 1 
of cuoling vsAei \ Weight of eteam x 40. 1 

ol the stoani inlet, for TOS mai. vacuum. 2 
/ por OBiit. loss of preaalire 
^ 1 of the water inlet witli a lieod o( S m. 



Il 



Numbor a[ holes ia the perforated ( 5 in 
plato. with a head ol 10 mm. dl' 6 □ 
waliT, + 10 "/; (or obslnictioDB 1 7 ir 



300 soo lau I 



too tSO SAO 

At leauaOODnu 

MO'. 5a0; 600 

2400 34O0 1 3400 i 

I I 

2001 SSOi 330 

SO 60j SO 

45 se TO 

40 SO 65 

SO 60( 80 

90 106 Its m 

T5 85 j 110, IIM 

125 2101 lis GM 

90 145 390 43( 

TO I 110 315 iH 






itrid oon tractions. The diameters in Table 51 are determined in tl 
niimner. 

If the diameter of the condenser, A dcm.. is fixed, then tbe heigl 
■ot the lowest stage, i;„, for condensing the weight of steam, D. 
hour is at least 

_ lOD 
'^- lOOOi 
Aooordingly, 

Kor D = 1000 2000 5000 10,000 kUos. of sletua. 
and i - 600 775 1175 1600 mm. 
C. = 170 255 i'^ 630 mm. 
Dut, on nooount of the vortex fin<l friction occurring at this plai 
the bei^ht ot the lowest stage should be increased to aboiit 
0. = 220 330 550 700 mm. 
The succeeding upper steps may then be put nearer &nd ne 
together. There may be 3-4 whole stops or 6-8 half stops. 
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Table 51. 

without steps, for condensing 300-12,000 kilos, of steam per hour 
■«f 705 mm. 



aooo 


8000 


4000 


5000 


6000 


7000 


8000 


9000 


10000 
100000 


11000 


12000 


fOOOOli 


30000 


40000 


50000 


60000 


70000 
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280000 
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400000 
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900 


1050 


1175 


1250 


1350 


1450 


1550 


1600 


1675 


1750 


2800 


2800 


3200 


3200 


3200 


3200 


3600 


3600 


3600 


3600 


3600 
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500 
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650 


700 


750 


800 


850 


900 


950 


1000 
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190 


205 
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225 


230 


90 


110 
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145 


155 


165 


175 


185 


190 


195 


85 


100 


115 


125 


135 


145 


150 


160 


170 


175 


185 


100 


115 


125 


135 


145 


155 


160 


165 


175 


180 


190 


200 


235 


280 


300 


330 


350 


380 


400 


420 


440 


460 


150 


175 


190 


215 


225 


250 


275 


285 


300 


315 


325 


825 


1240 


1660 


2070 


2480 


2895 


3300 


3720 


4135 


4550 


4960 


580 


865 


1150 


1440 


1730 


2090 


2305 


2595 


2880 


3165 


3455 


420 


635 


845 


1060 


1270 


1480 


1690 


1905 


2115 


2336 


2545 



The diameter of the steam pipe is obtained as with wet condensers. 
It is determined by means of Table 32. 

The diameter of the water pipe may also be determined as before. 
The hmits of the temperatures of the steam are about 35°-60° C, of 
the water about 8°-30° C, and consequently, according to Table 41, 
10-40 kilos, of water are required to condense 1 kilo, of steam. The 
diameter of the water supply pipe is then obtained from Table 36, if 
the available pressure is known or assumed in each case. In Table 
51 the diameters are given for heads of 3, 6 and 9 m. 

The water is sprayed in the condenser in many different ways. If 
the water is distributed by means of an overflow (sill), or an overflow 
is used as a prehminary. Table 43 serves to fix the dimensions. The 
width or circumference of the overflow (length of the sill) is generally 
known from the diameter of the condenser. Table 43 then gives the 
depth of the layer of water running over. The sheet of water so- 
formed naturally diminishes in thickness diuring its fall. 

When the water is distributed through a perforated plate, by 



202 



EVAPORATING AND CONDENSING APPARATUS. 



Table 39 — (continued). 
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665 


808 


500 


509 


1-60 


K 


154 


197 


257 


324 


394 


600 


612 


1-92 


W 


345 


480 


628 


792 


969 


700 


712 


2-23 


W 


404 


559 


733 


918 


1115 


800 


813 


2-55 


W 


448 


642 


841 


1057 


1275- 


900 


913 


2-87 


W 


505 


723 


947 


1190 


1435 


1000 


1013 


3-18 


w 


556 


791 


1040 


1299 


1578 






Height. 










(6) Loss of heat 




. 


m. 

1 


c 


216 


305 


399 


500 


, 607 








w 


195 


275 


361 


452 


548 








K 


101 


145 


191 


240 


290 






2 


C 


207 


289 


378 


473 


576 








W 


186 


259 


340 


425 


517 






ft 


K 


92 


129 


170 


211 


260 






3 


C 


203 


283 


370 


465 


565 








W 


182 


253 


332 


418 


506 








K 


88 


124 


162 


204 


247 






4 


C 


201 


282 


367 


463 


563 








W 


181 


252 


330 


415 


494 








K 


87 


123 


160 


202 


245 






5 


C 


200 


280 


365 


460 


560 








W 


179 


250 


328 


411 


500 








K 


85 


121 


158 


200 


; 241 

i 



be the losses of heat from the separate vessels. It is evident that 
heat lost from one vessel cannot produce evaporation in the following 
vessels. 
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air. For this purpose the jets and sheets of water formed above 
perforated plate are also useful. 



B. Surface-Condensers (Coolers). 

Surface-condensers are designed to condense vapours from the 
most diverse sources, and generally also to cool the condensed liquid 
(hence they are often known as coolers), without the cooling medium 
— ^generally cold water, more rarely air — coming into direct contact 
with the substance. The exchange of heat takes place through a 
metal wall. 

The space in which condensation occurs may be under the 
pressure of an atmosphere or under a lower pressure (vacuum). 

There are at present no certain observations to show that the 
yapours of different liquids have different coefficients of transmission 
of heat (which might perhaps depend on the specific gravity of the 
Tapour). Thus it must for the present be assumed that these 
coefficients are the same for all vapours, and also that they do not 
alter for different pressures. It may be left an open question whether 
the coefficient is not in fact less at very low pressures. 

Surface- condensers may be formed from systems of tubes, through 
which the vapours pass, whilst the water flows outside, or the water 
may pass through the tubes and the vapours outside. They may be 
made from coils, bundles of pipes, and cylindrical or plane surfaces, 
which are cooled by water or air on one side, whilst the other is in 
<k>ntact with the vapour. 

If water is used as the condensing agent, it may rise en niasse 
about the sm^faces or flow down in a thin layer over them. 

If the air is used as the cooling agent, it is forced through pipes 
round which moves the liquid to be cooled. 

Thus this species of condenser may be separated into : — 

1. Enclosed surface-condensers cooled by water. 

2. Enclosed surface-condensers cooled by air. 

3. Open surface-condensers. 

1. Enclosed Surface-Condensers with Water Cooling (Coolers). 
Figs. 17, 18 and 19 show typical forms of these condensers. 



•2bii EVAPORATING AND CONDENSING APPARATtlS. 

(a) The Mean Temperature Differmces, tf„ and 6^ 

If there lire lOot particular reasons (or another arrangemeni, tiiii 
species of apparatus ia naturally constructed for opposite curreDlfi, 
in vertioal condensers the steam enters at the top and the water belot 
Generally tlie vapour passes through and tlie iter ahoul the tnbet. 
occasionally, however, for oonveiiience in cleaning the tubes in 







Fir. 18. 

vapour is sent rouiid aad the water throwjh them. This latter % 
rangemenC influences the exchange of heat only in so far as it generiUl 
diminishes the velocity of the steam and increases that of the water. 
From what was said in Chapter I. it is evident that two period* 
must be distinguished in condensers which also cool, Hi., the p 
during which the vapour is condensed and the period during wliicb 
the condensed liquid is cooled. 
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If the vapour brought uo air with it, it would retain the same 
iperature to the end of the first period in which the condensation 
urs, since its pressure would remain almost the same. In pro- 
tion )is it ftdvanced over the cooling surface, its quantity, and 
ice its velocity, would gradually diminish until both became zero, 
it would remain at a constant temperature bo long as it existed. 
hen all the vapour had disappeared at a certain place L 
iser, the remaining space would be filled with air at a tension e 
Lhatof the vapour. The spacett tilled with vapour and air would be 




AoA off with tolerable sharpness, and this would also be the case if 
■ condensation occurred in vacua. In reality, however, the vapour 
'ays contains more or less air, which increases in pressure the more 

quantity of the vapour is diminished by condensation. Thus there 
1 gradual transformation from the space in which there is otUy 
)Our to that in which there is otily air, through a space in whioh 

two are mixed. 

This air. which is introduced by the vapours to be condensed, 
Bt be conducted away, either into the atmosphere or to the air- 



i 
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punip. Thus condensers or coolers must be prorided with a pip^ 
which laads the air from their toterior into the open or to the a 
pump. This pipe must oot be obstructed by liquid, since ihe v 
tions in the pressure aud amount of air introduced into the cauden 
would cause currents backwards and forwards in Efais pipe in order tj 
oquftlisa the pi-esauro. The presence of liquid in the pipe i 
prevent the free movement of the air and might cause irregulantia 
in working. 

SiDce condeusatioD, i.e., the production of liquid from the TipooB 
comnienoes immediately the vapour enters the condenser, its walls u 
at once covered by liquid flowing downwards, the quantity and velod 
of which increase towards-the bottom. This liquid forms an obstu 
to the transfer of heat which cannot well be disregarded. The iiqoid 
flowing down has not the temperature of ihe vapour nor that of the 
cooling medium (water) ; its temperature lies between the two. Ai 
that place in the condenm-r at which condensation is practically 
finished, t)ie condensed liquid is always cooler than the vapour from 
which it was formed. Unfortunately, in the lack of suitable e»pen- 
mentH, it is not accurately known what relation its temperature tiean 
to those of the vapour and cooling water. 

For this reason, and because we wish to avoid other arbitnur 
assumptions, and finally also because this condition has only a shgbt 
n the estimation of the size of the cooling surface, we shsll 
what follows (though incorrectly) that the liquid condensed 
has at the end of the condensation the temperature of the vapour, aniJ 
that in the following period it is oooled from the temperature of the 
vapour to the desired lower tenipeniture. 

The transfer of heat is universally assumed to be directly propor- 
tional to the difference in temperature between the two subsian(»3 
engaged in the process. Therefore, in the first place, we uiuBt 
determine the Tican temperature difference between vapour and cool- 
ing water and then that between the condensed liquid and the water. 

We know, from C'hapter 1., that the mean dilTereuce in tempera- 
ture is in most oaaes not equal to the arithmetic mean of the initial 
and final differences, but is (equation 10) ; 
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CHAPTER XX. 

CONDENSERS. 

The appliances by means of which vapours (or gases) are liquefied 
or condensed are known as condensers. Sometimes the vapours or 
gases are to be condensed at atmospheric pressure, but more fre- 
quently it is desired to produce and maintain a vacuum by means of 
the condensation. In the latter case the condensation must naturally 
be effected in a space shut off from the air. The condensation is 
accomplished almost without exception in the cases under considera- 
tion by the withdrawal of heat, for which purpose cold water is 
generally used, cold air more rarely, since the former is the cheapest 
and most convenient means. It may be used in two ways : either the 
cooling water is injected directly into the vapour to be condensed, or 
the vapour is conducted over surfaces cooled by water or air. Thus 
there are obtained : — 

A. Jet-condensers. 

B. Surface-condensers. 

The former are cheaper and are therefore always used, unless it 
is required to separate the vapours of valuable liquids (alcohol, ether, 
benzene, etc.), or to obtain pure condensed water. 

Of the jet-condensers, which are employed to create a vacuum 
and nmst therefore be connected to an air-pump, two different kinds 
may be distinguished, namely : — 

(a) The so-called wei condensers, from which the air-pump extracts 
the condensed vapours and injected water together with the air and 
uncondensed vapours. The principle of opposite currents between 
vapour and cooling water may be utilised in these condensers, 
but is not of great service. Wet condensers are generally arranged 
for parallel currents. 
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85 85 

oix^Ung period, therefore, ^^ _ 1 5 ~ foo ^^ ^^® total heat is to be removed, and 

iu the tviuleusiug poriod ^^.^ of the total heat. 

The i^x»lin>( wAter heconicA heated in all from 15° to 60° C, ue., thIoaghi5^oi 

S5 \ 45 
whioh ' -,,j^ - (M5"^' is accounted for by the period of cooling. 

Thus, at tho end of the condensation period, when the condensed liquid a 
sitill at UX^\ the oiwling water is at 10° + 615° = 16-15° C. 

Tho steam outers at 100° 

The water is finally at 60° 

Difference 40° 

Tho stiHim is finally at 100° 

Tho water at the same place is at - - - 16*15" 

Difference 88-85° 

40 X 100 
40^ is tho following ivn^entage of 83*85° : - p = q- = 47*70 per cent. 

Tho moan tomivraturt^ difference between steam and water in the first period 
is, ihort^fv^rt\ nooonling to Table 1, $.^ = 0*7 x 83*85 = 58*7°. 

Tho ooudonst\i liquid at tho top is at - - 100° 

Tlio vVMling water at the top is at - - - 16-15° 



Diflforouoe 83-85 



D 



Tho oo!iilonsod liquid at tho bottom is at - - 15' 
Tho OiMlinj; wator at t!io bottom is at - - 10 



DitTorotioo 5*^ 

a is tlio following poroonia^o of SM-85'^ : - p = —33-3^ = 5-96 per cent. 

Tho inoan temporal uro ditTerouco between the condensed liquid and the 
ciH^Hn>i water during ilio second poriixi, according to Table 1, is 

e.^^ ^ 0-881) X S.S-85 = 28-42°. 

Table 5:2 has been calculated in this manner. It shows : — 

I. 77/(1/ the mran t cjnpc rat unuUtferetice between vapour and cooling 
ivater (first period) decreasefi witk the increase in temperature of the 
waste water, hut that it is very little affected by the extent to tohich 
the condensed liquid is cooled. In the latter respect the differences 
rnay be neijlected in practice. 
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Table 52. 
The temperature differenoea between vapour and cooling water, $^, 
and between condensed liquid and cooling water, 6^, for eteam 
at 100°, 60° (611 mm. vacuum). 40" C. {705 mm. vacuum), for 
alcohol vapour at 80° C. (836 per cent, by weight) in closed 
eurf ace-condensers . 
The figures printed vertically are the temperatures of the cooling 
water at the place where condensation ceases and cooling begins. 
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Table 53— <cofi/muai). 
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2. That the mean temperature ditjerence between the condensed 
liquid and the ohjUwj water (second period) is considerably affected bu 
the extent to which the rinul temperature of tfie comlensed liquid ** to 
approach that of the coolimj water, but that it does not depend to any 
(jreat degree on the temperature of the waste water. In the latter 
respect the variations may be disregarded, and the mean temperature 
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Table 53 — (continued). 
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'erence for the second period may be taken for all cases as the mean 
he temperature differences calculated for iraste icater temperatures 
IO°-80°, without regard to the actiutl temperature of the waste water 
he particular case. 



{b) The C'oeffkienls of Tr 



of Heat, k^ and k,. 



The coefficient, k^, for the passaije of heat from itteam to non-boilituj 
er (first period) io open copper or brass tubes, is obtained from the 
jirical expression : 

iv = 750 Vv., i'd-001 + (y (202) 

s formula is founded on observations made in actual practice on 
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Ur^ and snnall ooaden.4ers of mosi vmoed fornis; r^ denoles the 
velocity of the sceam when ic en;»s the eoodeoser (mhial Tdocity), 
r, the mean velocity of the cooling wastf. It appeals to be un- 
queHtionable that the coefficient of trarsmiss»>Q of heat in these cues 
(condensation of vapours in spaces connected with the atiiios{^re or 
with an air-pump; increases with the velocitr of the steam and water. 

The velocity of the corrent of steam nacozallj decreases in the 
condenser from the beginning to the end. when h is zero. This 
decrease is in no way uniform, bat is first rapid, then slower, foDowing 
a curve not to ^Je explained here. Since, however, the decrease in 
velo<:ity must take place in almost all cases in the same manner, be- 
caas^; the essential conditions, which caOse the decrease, are the same 
in all condensers, it is permissible to assome that the mean velocity 
of the steam, which is the factor to be considered here, is in a simple 
pro|Kirtion to the initial velocity. 

As alrearly mentioned in Chapter VII., there are many causes 
Ixjsides the velocities which influence the transmission of heat. These 
influences may Ixs ver\' great and often of such a nature that they 
cannot Ixj expressed mathematically. The incrustations, which always 
occur to a grfjater or less extent, and are a priori quite indeterminaUe, 
oiUiu make any calculation deceptive ; but also the position and direction 
of thn surfaces, the width, shape and capacity of the hot space, the air 
mixed with the va^x^ur, all alter the action to a considerable extent. 
No (ujuation can l>e given for k\, which expresses all these factors. 

l*\>r (joils and tubular coolers, through which the vapours pass, 
(u{iuition (202) may l)c used with some confidence. It is already 
corriHiUA for an average diminution in efficiency due to the furring of 
thn cooling surface. For extraordinary cases A*^ may be taken some- 
what, larger or smaller. Equation (202) holds good for cooling surfaces 
of eoppcM' and brass ; these have walls of tolerably equal thickness, 
whieli may th(jrefore be disregarded. For iron surfaces, also because 
tln^y ^^eiK^nilly are more furred than copper surfaces, the value of 
k,. should 1)(^ diminished by about 15 per cent., for thick lead surfaces 
by about .')() p<^r cent. 

in Table 5.'J are collected the values for A%, calculated by means of 
iM|ual.lon (202), for initial velocities of steam of 1-65 m. and velocities 
of \]\o <M>oling li(|uid of 0O01-4 m. These values, A%, are for the first 
|HM'i(Ni that of condensation. 

/•'(»r thr srnnul period^ that of cooUnij, in which the transfer of heat 
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Table 53. 

The coefficient of the transmission of heat, k„ between steam at low 
preaBures and water, which does not boil, with copper tubes, for 
initial velocities of the steam, r^, of 1-65 m. and velocities of the 
water, IV = OOOl-4'O m. (First period). 
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is between the condensed liquid and the cooling liquid — between two 
liquids — another coefficient, t„ holds good. 

The coefficient of transmission, k,, for the transfer of heat between 
two liquids moving with different velocities, is taken from equation 
(231) in the following chapter, for copper tubes: 



fc, = 
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6x/^i 1 +6n/^ 
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In order to facilitate the estimation of the condensing and cooling 
surfaces necessary in each separate case, Table 54 is given, from which 
may be taken the surfaces for condensing and cooling 100 kilos, of 
water or alcohol vapour per hour. 

Table 54 consists of two parts. Part I. gives the surface, H^^ 
required for condensing 100 kilos, of steam at 100°, 60° and 40° C, 
and of aqueous alcohol vapour at 80° C. (86*3 per cent, by weight), in 
one hour, with vapour velocities of 1-64 m. and cooling water velocities 
of O'OOl-l-OO m. Part II. then gives the surface, H^, required for 
cooling the condensed liquid. 

In using Table 54 it is therefore necessary first to seek in Part I. 
the surface necessary for condensation, and to add to this the surface 
required for cooling, obtained from Part II. and multiplied by 2 or 3. 

It was assumed in calculating this table that the cooling water 
enters at 10° C, which is its ordinary temperature. If the water is 
colder in any particular case, the surfaces may be somewhat smaller^ 
if warmer, they must be increased in proportion to the temperature 
differences given in Table 54. The figures are for copper heating 
surfaces. Iron surfaces must be 10-20 per cent, larger, lead surfaces 
20-30 per cent, larger. An addition must also be made for ex- 
ceptionally thick walls. 

The first part of Table 54 is based on the assumption that all the 
vapour which enters the condenser is to be condensed. If this is not 
the case, but only a 2)art of the entering vapour is to be liquefied, the 
other part leaving the condenser as vapour, then the capacity of the 
cooling surface increases considerably. The increase depends on the 
velocity with which the vapour leaves. In such cases the sum of the 
initial and final velocities of the vapour is to be taken as the basis of 
calculation. 

The cooling surfaces given for the condensation of steam at 40° C. 
are probably too low ; it would be well in constructing apparatus to 
make them somewhat larger than is indicated in Table 54 — say 15-20 
per cent, larger. It appears that highly rarefied steam communicates 
its heat less rapidly than high pressure steam ; this may be on account 
of the greater distance apart of the molecules or on account of the 
sluggishness due to this cause. Table 54 assumes that the vapour 
passes through the tubes and the water flows outside them. If the 
reverse be the case, the greater velocity of the water is more favour- 
able and the lower velocity of the steam less favourable, but generally 
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There are uo reliable experimental figuree as to the heating of 
the air and its evaporative effect in this form of cooler ; it ie thereiow 
necessary to calculate the quantities of beat taken up by the air mH 
by the cooling water separately in open surface-coolers. It w( 
appear that the heat given up to the air is approximately proporti 
to the mean temperature difference between water and air. 

The hotter is the liquid to be cooled when it reaches the cooleri 
the better the apparataa works, since then a tolerable qnantity a 
beat is taken up by evaporation. It is of considerable importance 
the cooling capacity that the liquid should flow down quietly over t 
whole surface, without splashing. It will he assumed that in tl 
case the coeflicient of transmission, k, = 1000. The amount 
moisture iu the surrounding air also affects the cooling action. 

Expfrimenta. — 1. An open surtaoo-coolec with a tooling surface of 131 hi- 
oooled 2600 litres of beer per hour Uom ICf to 13° C. by means of cooling iraWr 
10°, which left the apparatus at 33° C. This gives kt = 900. 

2. A similar apparatas witb » surface of 13-5 sq. m, cooled 3500 litres of bi 
per hour from T0° to 18° C. by means of cooling water at 15" C, which flon 
away at aiiout 40° C. This gives A", ~ 1010. 

3. A Hlmilor apparatus with a surface of 30 aq. m. (16 tnbea of AS mm. I 
temal diameter and 1200 mm. long = 115 sq. m., fed by water at S-T&-2S°,pl 
12 Kibea of tba same size ^ S-GC sq. m., fed by ice-water at l°-7-5° C.) cooled M 
litres of beer per hour from Vi-T-G" C. The temperature of the beer at t 
outlet of tlif ice-water was 11-1° C. This gives for the 11-5 sq. m. *» = 1000, 1 
the 8-66 aq. m. t, = 070. 

As a result of these and other similar experiments not ^ren her^ 
we assume that it is permissible, in estimating the necessary cooling 
surface of open coolers. h> take 

A", = 1000 {24<( 

and thence the surface required to abstract C calories is 

^' = ioiXiO;, *^*'' 

This expression is apphcable to copper and brass cooling tul 
cooled by water, and to thin warm liquids. 

If the original temperature of the liquid is low, say under 15° 0. 
we may only take 

fc. = 700 (34i 

If the cooling surface is of iron, then for warm liquids ij = 800. 

If the liquid to be cooled is somewhat thicker than water, H, ma 
be increased by about 20 per cent. 
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Table 68, which is clear without further explanation, has been 
oompiled in this manner. 

Example. — In one hour F^ = 1000 kilos, of an aqueous liquid at /«« = 80° G. 
are to be cooled to f^ = 17°. The cooling water is at 15°, and is to flow away at 
60° 0. 

Now, z* = 1, C = F{t^ - t^) = 1000(80 - 17) = 63,000 calories. 

The greatest temperature difference is : 6,. = 80° - 60° = 20°. 

The least temperature difference is : Oe = 17° - 16° = 2°. 

2 
Since ^r = <va = 0'li i^ follows, from Table 1, that 

e,n = 0-891 X 20 = 7-88°. 
Thus the necessaiy cooling surface is 

^ C 63,000 - 

* " kj::7k ^ 1000 X 78-1 X i*== ® ^^' "'• 

The requisite weight of cooling water is given by 

C = W(tt, - /*a) = W{60 - 16). 
or W = 1400 litres. 

F. Cooling by Contact with Metallic Surfaces which are 

Traversed by Cold Air. 

This method has been sufficiently treated in Chapter XX., B. 2, 
page 283. 

G. Cooling Water by Air. 

In cooling large quantities of water, the method is generally used 
of exposing the water with the greatest possible surface to air at rest 
or in motion. The water is allowed to stand in shallow tanks with a 
great surface, to flow through a long shallow channel, to flow down 
in sheets over terraces or over vertical or inclined plane walls ; it 
also falls in the form of jets and drops down cooling towers or is finely 
divided and sprayed by roses, to sink down as dust. 

The cooling air either moves with its natural velocity, or is 
artificially driven, over the water. In these arrangements it is 
endeavoured to bring the greatest volume of air in direct contact 
with water in the finest possible state of division. 

The cold air has a twofold cooling action on the warm water ; in 
the first place it acts directly by abstracting heat and itself becoming 
hotter. If the atmospheric air, at its first contact with the water, 
has the temperature ^^ and leaves it at ^^, then L kilos, of air take 
from the water in being heated : 

Ce « L0'2375(t,, - U (243) 
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In the second place the air cools the water by causing a poitian 
of it to evaporate. The atmospheric air, which is practically never 
saturated with moisture, readily takes up more, especially when it is 
warmed, as by the water in this case. 

In regard to the quantity of water which can be taken up by air, 
and other questions of interest here, more detail will be found in the 
author*8 work, Di'yiiig by Means of Steam and Air (Soott, Greenwood 
it Co., London, 1901), from which the numerical values required 
bt>low are taken. 

If 1 kilo, of air before contact with the water contains d^ kila of 
va^H^ur. and on leaving the water, d^ kilo., this 1 kilo, of air has taken 
up during the contact {d^ - d„) kilo, of water vapour. If the mean 
ton^Hmitui-e of the water was t^, the number of calories withdrawn 
fnnn the water for the evaporation of the water taken up by 1 kilo, 
of air was 

C. = L{d^ - d„) (640 - t^) (244) 

Thus, in all. L kilos, of air take from the water 

(\ = (\ + (^ = L[0-2375(^^ - U + {d. - dj(640 - i^)] (345) 
calories. 

If ir kilos, of water at the temperature t^ are to be cooled to the 
teiujHTuture /..^, then there are to be withdrawn for that purpose 
^^Vh. L>) oalorios : the principal eqtiation is therefore 

/. :0-2375(/,. - t,,) + (d^ - d„) (640 - ^_)j . (24*) 

The temperature of the external air, t,,,, is very variable, and so 
alsi> is the i|uaiitity of moisture in it ; the temperatiu^e of. and 
moisture ii\, the air when it leaves are variable, and the temperature 
of the cooling water is different in each case. In order to obtain a 
view of I he prevailing conditions and actions in the many different 
and var\ i!\g cases, Table 69 has been calculated for temperatures of 
the ouit^r air of /,.. = - 20' to + SO"" C. and of the emergent air of 
t;.. = :y to 10 (\ 

For Table (>U, the amount of heat required for the evaporation of 
I kilo, of water was taken at 600 calories, which is perhaps somewhat 
low. It is also assumed tliat the atmospheric air is completely 
saturated at the })revailing temperature, but that it leaves the cooler 
at temperatures from 5' to 40"^ C. only three-fourths saturated. The 
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values of d^ and ct^, which give the amount of water in 1 kilo of air, 
are taken from Tables I. and III. of the above-mentioned work. 

Table 69 gives, in the first lines, the number of units of heat 
taken up from the water by 1 kilo, of air in becoming heated 
[0'2375(^,, - ^/«)], and, in the lines 2, the number of calories ab- 
stracted by the same kilo, of air through partial evaporation of the 
water [{d, - d„) (600 - t^)]> The sum of these two lines would then 
show how many calories are withdrawn in all by 1 kilo of air. 

The lines 3 give the ratio of the absorption of heat through 
heating to that through evaporation. 

The fourth lines give the weight of air, L, required to abstract 
1000 calories from the water. 

Example. — If the air reaches the water at 0°C. and leaves it at 20° C, the 
ratio of the heat withdrawn by heating the air to that by evaporation is, by 
section 5, line 3, 0-6'27 : 0-473. 

If a total of 1000 calories is to be abstracted, then the air must take for 
heating itself C« = 1000 x 0*527 = 627 calories, and by evaporation C, = 1000 x 
0-478 = 473 calories. 

Now, by equation (243), 

C. = Z/0-2376(^fe - tia) = L0-2375(20 - 0) = 527 calories, 
and thence the necessary weight of air (Table 69, section 5, line 1) is 

L = j^=^ = 111 kilos, (approx.). 

[To confirm. These 111 kilos., if the air is quite saturated at 0° and only 
three-fourths saturated at 20** C, can in fact take up for evaporation Cp = 1000 x 
0*473 = 473 calories, for, by Table 1 (see Drying by Mea^is of Steam aiid Air)^ 
the amount of water which can be absorbed by 1 kilo, of air under these con- 
ditions is d, - da = 0*01103 - 0*00387 = 0*00716 kilo., therefore 111 kilos, absorb 
lll(d, - Ja) = 0*79476 kilo, of water, for which (on our assumption) Cr = 0*79476 
X 600 = 476*8 calories are required.] 

The fifth lines contain the volume ^ t'„ of the weight of air, L, at 
the external temperature, <,„. This volume of air is obtained by 
dividing the weight of air, L, by the weight of 1 cub. m. of dry air at 
the proper temperature (obtained from Table 1, column 8, of Drying 
by Means of Steam and Air). 

In the above example, 111 kilos, of air at 0° C. occupy a space of ::-^-q-q = 86 

1 -2o3 

cub. m. 

The sixth lines then give the weight of vapour which is evaporated 
from the water by the calculated weight of air, L, which weight may 
thus be regarded as loss in the cooling apparatus. This is for a total 



EVAPORATING AND CONDENSING APPARATUS. 



B heat takeu up by 1 kilo, of tur in bticoming heate<1, C„ and bj 
evaporation, C,. The fraotion of the total absorption of heat due 



to heating, : 



■, and to evaporation, : 



The reqai»k 



weight of a.tr, L, and volume, F^, and also the evaporatioa of 
water for the abstraction of 1000 calories. For leniperaKutK ol 
the completely saturated external air of - 20° to + 30' C. aod 
temperatures of the outlet of the three-fourths sataraled ui 
from 5° to 40° C. 



'e of the air outlet, t^ 



10° 15" I 20° 25° 1 






it„ - /to) 0-237S = 
id. - J„S (MO ^ /.) = 
By heftring 
By evaporation 
Weight of air. L = 
Volum* of air, V,, = 
Water ovap't'd, kilos. 

il,. - f,„} 0-2375 = 

{d, - rf„) (640 - /„ 

By heating 

lly evaporation 

Weight of air. L -. 

Volume of air, !',„ 

Water evap't'd, kilos. h-l&TO-sai 0- 



- (,„) 0-237S 
■ .(,.) (G40 - 
By heating 
Bv evaporatioa 
Weight of air, I 



3 10-68jll-7H(12-<>'l4-± 
8-4 ll-8B!l5-7BaWf 

n o-sea'o 4wm M90WI 

M0-51O0-55K 

S3 12 35 



0-682 0-636jO- 583 



3-5T I 4-75 

t'44 I 2*43 

- J'7O0 0-661 



&-J4 iT. 

3-80 4- 
0'61O0-) 
0-890)0-428 



Wb( 



revftp' 



2Q0I 139 
'd, Idlos. 3-484fl-563 0-668!0-745|0'7t 



0-539!o47W04aaO 
0-*6l[o-53llo-i56BO-61l| 

57 45 I 37 , SO 
41-7 33 I 27 ' Sa 
0-780lo-e7O0-966il-01! 

B-3ol9-64 lO-(».'U7t 
7-84 11-2T 15-1*19-9! 
0-614,D-4S8,0-4130-3T( 
0'486|0'»42b'68T^'i 



1, - f„) 0-2375 = 
r, - dJt (540 - („) . 
y haating 
By evaporation 
Weight o( air, L = 
Volume of air, r,„ = 
Water evap'fd, kilof 



i-375 3-fi7 i 

0-9(1 ;i 

3-71310-6470- 
)■ 187 0-363 0- 
300 I 180 
228 136 < 
3-4800-56 



I I 
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r„ - 1^) 0-2375 - 
,(/, - d„) (640 - IJl = 
By henting 

Weight of air, L = 

Water evap't'd. kilos. 

((„ - (ta) 0'237S - 
{d, ~ rf„) (640 - (.) = 
By heKtiog 
By evaporation 
"'eight of air, L = 



?of ai 



Volui 

Water evap't'd, ki 

((,. - I,,) 0-2875 - 
\d, - dJi (640 - I. 
By heating 
By evaporation 
Weight of a^ ' 



1, kiloE. 



Wat 

(y„ - /„) 0-2376 = 
id. - d„] (640 - (,) = 
By healing 
Bv evaporation 
Weight of air, Z/ = 



Voiiii 



Dof a 



Water evap't'd, kilos. 

((„ - /,„) 0-2H75 - 
(d, - rf.) (640 - M =■ 
By heating 
By evaporation 
Weight of air, L = 
Volume of air, F,. - 
Waler evap't'd, kilos. 

{'i. - I,..) 0'2376 - 
id. - d.( (040 - /,) = 
By heating 



Temperature of the air outlet, /, 



5" 10° 15' 20° 26° 80" 



0180 0-637 0-797 0-7*6 0'998 



0-540IO-680 0-7940-786.0-998 



i-68 8-94 
-458 0-4001 
-5410-6O0I 



1-30 9-B 
B-87 18-73 
[)'374 0-33f 
"62C -0664 

45 as-6 

35 27 ■ 
I'OIDMI 

7-125 8-a 

12-9017-70 

0-356io-3i9 

0-6440-"^" 



O'lSl 0-631 
730 166 
G31 136 

0-219 1-001 
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Table 69 — {continued). 



a.s 



^2 



ft 



Tom p. 

oi tho 

atino!*. 

air. 

/,. 



(t,, - tu) 0-2375 = 
{d, - da) (640 - /^) = 
Hy hoatiug 
Hv ovaiHiration 
\VoiKht of air, /. = 
Vv»liiino of air, Via — 
Water ovap't'd, kilos. 



Temperature of the air outlet, ti^ 



10^ 15- 20- 25- :«= '^ »' 



11S7 2-37 

— 4-.56 

— 0-:Mi 

— o-es 

— 145 
- l:» 

— l-09a 



ubst motion of hoAt of 1000 calories and on tlie assumption that the 
oxtornal air is coniplotely, and the emergent air three-fourths, satu- 
nitinl with wator vapour. 

It ofton hapi>ens that the external air is not completely and the 
onuT^rnt air is more than three-fourths saturated. In that case 1 
kilo, of water absorbs more moisture than is assumed in the table. 
C\MistHjuontly less air is used for cooling the water and, on the other 
hand, moiv water is evaporated. In many cases ^^ to .^^ of the 
water to Ih> oi>oled is removed by the air. 

In usiujjj Table 09, it is first necessary to calculate how many 
ealories must Ih^ wilhdniwn in one hour from the water to be cooled; 
tht^ table then ^ives the weij^ht and volume of the air and the evapor- 
ation kA water \u}v UXK) ealories. 

riu» siulaoe of the watt*r, which must be in contact with the air 
in onitM* tv> piiuluee the desired cooling, is still to be calculated. 

If i\ ho the heat to In? taken from the water to warm the air, not 
by evajH^nition, () tlie surface of the water in sq. m., Zj^ the time of 
eoolin.; in hours, ^., the mean difiference in temperature between 
wati r and air, k. ti\e eoetVicient of tmnsmission, r, the velocity in m. 
}HM* Nt t\ witii whioii the air jmssos over the water, then, by the usual 
prmeiples. 

('. = z.Okfi, (247) 

and tlu^ surfaee requisite for the cooling by means of air is 



= 



^lMl^,n 



(248) 
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The transmission coefficient for towers, in which drops are 
abundantly formed, is 

A;, = 2 + 18 n/v^, 
for plane surfaces over which the water flows, 

A-, = 2 + 12 V^ (249) 

for water quite at rest a smaller coefficient must be taken, 

A:, = 2 + 10 x/r7 (250) 

The velocity of the air, r„ in the atmosphere is very variable ; it 
may be as high as 40 m., but even when there is no wind it is 
generally about 1-5-2 m., which figures must be employed in calcula- 
tion. In cooling apparatus made after the fashion of a chimney, in 
which the air rises in consequence of being heated, it moves with a 
velocity of about 3 m. When the air is blown by fans through the 
chimney, the velocity may be arbitrarily fixed at 6-12 m. The large 
volumes of air required are rarely moved by artificial means on 
account of the cost. 

The fresh air from fans is naturally made to enter below in order 
to obtain counter -currents of air and water. 

The mean difference in temperature, $^, is to be determined by 
means of Chapter I., Table 1. 

It may be seen from the third lines of Table 69 that the heat to 
be abstracted by warming the air, in proportion to the whole amount 
to be given up, is least when the air is heated by the water to about 
16° C, on the hypothesis that the atmospheric air enters the apparatus 
completely saturated and leaves it three-fourths saturated. 

If the external air is cold, the emergent air will also be cool, and 
the temperature difiference between air and water will then be large. 
On the other hand, if the external air is warm, it leaves still warmer, 
and the mean temperature difiference is then much less. As Table 69 
shows, in the former case the air takes up more heat by being warmed, 
in the latter case more by the formation of vapour. 

The consumption of air is the least when it enters very cold and 
leaves very warm. The necessary water-surface is the least when 
unlimited quantities of air flow over it. If, in a definite case, the air 
is always to receive the same increase in temperature, then, whilst 
the temperatures of the water remain the same, a lower temperature 
of the air necessitates more air and a smaller surface for the water. 
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Air which is onginally cold naturally is wiu'med through a greaiei 
range of temperature than air origiually warm ; thus itie consomptioD 
of air is approximately constant, but the former takes up more hetl 
from the same surface. Celeri* paribus, cold air cools better tbu 
warm air. 

Kiatitple.—la it = 1 hour, 10,000 kilos, of wa(«r arc to be cooled [rom U" I* 
22' C, for which C, = 10,000(40 - 22) = 180,000 iMJones are to be ftlunactel 
The ftir movee with a velocity of 2 m. — (1) it i» originatly at 0°. and is wanned 
to 2&''C, : (2) it u at 20°. and is warmed to 3S°C. The temperatuK-difiereDca 
betwwD ur and water are; — 

1. .^ir wanned from 0° to 2S° — 

ikl the lop, g.. = W - 25=' = 15°; at the bottom. », - 22^ - ff = 22'. 
The mean diHerence is, by 'Table 1 laitice }| = 0-G82), 
B. = 0-U X 22 = 9-66°. 

2. Air watmetl (rom aW to 35'' — 

at ttip top, S. = 10° - 36° =^ 5°, at tiie bottom 9, = 22° - 20° = 2°. 
The meaa difference, by Table 1, (aince ] = 041 >s 

fl» = 0-G58 X 5 = 8-39°. 
tn the first caae, from Table 69, 0-1T5 of the total amount of heat ij to be 
withdrawn by healing the air, C, = 180,000 * 0-476 = 85.500 calories, lu ili» 
aecoiid eaac, C. - 190.000 » 0-327 = 66,860 calories. 

TUui!, when cold air enten, tbc waler-aurface iteceasary \a a cooling tower is 

O ^— = = 300 sq. m. (approx.). 

(2 + 18 V2f9-68 ^ <■ rr • 

and when minn nir eutera 

- = 730 Bq. m. (appro:!.). 



(2 + 18 ^, 
The requisite weight of air is 



the KBCond iwse 

'■ - ifms^rw, - "=■«» '"'■■■ '- "'^ ■""■■ "■>• 

The surface which the watar presents to the air must change aa 
frequently and rapidly as possible. For beat penetrates slowly into 
a mass of water at rest (Chapter XX., 8, Table i6). rapidly wanning 
the external layers to a slight depth, but then entering the inlerior 
very slowly, and the laws which govern this action also apply, if tbi 
expression be permitted, to the penetration of cold into the mass o( 
water. The figures given in Table 50 hold good also for the decrtaat 
ill temperature ot jets of water which tall from step to step in 
current of cold air. 

The best cooling apparatus will thus always be i» the form of 
staging with the greatest possible number of low steps, over which tt 
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air passes rapidly, either sideways or drawn upwards by a chimney. 
Mechanical acceleration of the motion of the air will be advantageous 
in but a few rare cases. 

1000 litres of water, which fall through 5 m. in the finest state of 
division, form a surface of about 4-6 sq. m., which is however insuf- 
ficient to cool the water. The remaining surface required must be 
provided in another way, as by surfaces over which the water flows, 
which must be of ample dimensions since they are generally not 
wetted throughout. 

We now give a few examples, collected in Table 70, of open 

stagings (oooHng towers) through which air circulates freely. In 

quite open stagings without a chimney the temperature difiference is 

greater, which is an advantage, but then the motion of the air is 

somewhat slower than with a chimney. 

Observed Examples. — By means of a cooling tower, with many steps and a 

natural access of air, 3 x 12 = 36 sq. m. in ground area, 4800 mm. high, and with 

322*5 sq. m. of wooden surface over which the water flowed, 22,800 litres of water 

were cooled in one hour from 50° to 20° C, when the air entered at 2*5° C. and 

left at the different stages at 8*5°, 14-5°, 20*5° C. From the water were to be 

abstracted 

Ct = 22,800(50 - 20) = 684,000 calories. 

1 kilo, of saturated air at 2*5° contains 0*0046 kilo, of water. 

1 » „ M 8-5° „ 00069 „ 

1 .. „ „ 14*5° „ 00107 „ 

1 „ „ M 20*6° „ 0*0153 „ 

The mean of the last three numbers is 0*01096 kilo. 

If the air which leaves the staging is only saturated to the extent of 80 per 

cent., then 1 kilo, contains 001096 x 0*8 = 0*008768 kilo, of water. 

1 kilo, of air thus taken up by evaporation 0-008768 - 0*0046 = 0*00416 kilo. 

of Tapour, which corresponds to 2*496 calories. 

The air is heated on the average from 2*5° to 12*5°, i.e., through 10° C, con-^ 

sequently 1 kilo, taken up by being fieated 10 x 0*2375 = 2*375 calories. 

Thus 1 kilo, of air takes up a total of 2*496 + 2*375 = 4*871 calories. 

Of the total quantity of heat to be abstracted from the water, the air takes 

^. 2*496x684,000 oQ/^ .oo i • 
by evaporation, = 380,438 calories ; 

, - ,. 2*375x684,000 c,r,o kc-o i • 
by heating, a^tT = 293,562 calories. 

The surface of the apparatus over which water flowed was 322*5 sq. m. 

The wetted surface underneath was estimated at - - 60*0 „ 
The surface of the falling drops was about 6 sq. m. per 

1000 litres, i.e., = 6 x 22*8 = 136*0 



Total - O = 618'5 



»» 
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Bxamples of the direct cooling b; ur 
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of water in a tine state of division. 



Table 70. 
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11 
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H. Cooling Air by Water. 

Atmospheric air always contains more or less moisture in the 
form of vapour. The maximum amount of vapour in 1 cub. m. of 
air is equal to the weight of 1 cub. m. of saturated vapour at the 
temperature of the air. If air which contains much moisture is 
considerably cooled, it generally reaches a condition in which it can 
contain only a smaller weight of vapour, and consequently the excess 
of vapour must separate, i,e,, be condensed.^ 

Thus, if a certain volume of air is to be artificially cooled in a 
certain time, it is necessary to take from it as much heat as is 
required : 

1. To cool the dry air itself. 

2. To condense the vapour which must be separated. 
Let L = weight of air to be cooled, 

<r, = its specific heat = 0*2375, 

tt„ = its temperature before cooling (at the beginning), 

f ,, = „ after ,, (at the end), 

d^ = the weight of vapour in 1 kilo, of air before cooling, 

^« = »» »» »» »> alter ,, 

c = the total heat of 1 kilo, of vapour. 

Then in order to cool the air from ti„ to tj, it is necessary to abstract 
the following amount of heat : — 

C = L^,it,, - Q + L{d„ - d,) (c - Q. 

In atmospheric air there is rarely more than 95 per cent, of the 
maximum quantity of vapour possible, generally there is considerably 
less. Even when moist air is strongly cooled, so that it deposits 
water, it does not remain saturated with vapour. 

If we assume that the atmospheric air is saturated to the extent 
of 80 per cent., and also that its degree of saturation is 80 per cent, 
after cooling through a certain range of temperature, then the above 
equation gives, for cooling 100 cub. m. of air, the quantities of heat 
which are arranged in the table on the next page. 



^ See Hausbrand, Drying by Means of Steam and Air (Scott, Greenwood & Co. 
Liondon), for amount of vapour in air at different temperatures. 
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si 
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2 


• 

X c 
> ;; 




Original temperacure of the air, :.«. 


-30' 25^ 20= 15= 10= 


Weight of 1 cab. m. of this air, in 
kilos., when saturated with mois- 
ture to the extent of 80 per cent. 


11412 11630 11881 lilM l-24tt 


Weight of the moisture, J«, in kilos, 
in 1 cub. m. of this air. 


1 

r. 


a: 

1 

' kilo. 

o-uis4y 




0K)244 0-01849 0-01 1123 0-01041 00076 


Number of calories necessary to cool 
100 cub. m. of this air. 


CaN. for cooling thu air 

., condensiDg vapour 

Total 


133 

373 1 — : — ■ - , - 


506 , 


40 


0\>lll-j:< 


Cals. for cooling the air 

„ condensing vapour 


265 > 136 ' 
824 > 456 
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Total 
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Thr luvossiiry (juantity of cooliwi water depends on its initial and 
tinul trmiuTatun's, /, and /.., it is 

1K = --^ (m) 

*> ~ ^a 

Tho coolituj surface, for the cooling of definite quantities of air, is 
obtaiiioil fioni the ordinary equation : 



H.= 



k^L 



(253) 
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The average, or mean, increase in temperature, t^^, of the 100 
i^ieal parallel and equal layers in the sheet of water is, assuming that 
^ whole difference in temperature at the beginning is 0^ and at the 
endis ^. = 001^„, according to Table 1, t,„ = 0-215^,. 

The quantity of heat which the water has absorbed, when it is 
heated to the depth, 17, in mm., is therefore 

C = 0-215(9„gi; (188) 

Now, in order to obtain an expression for the time, z,, during 

which the quantity of heat, C, has penetrated through the surface (or 

section), Q, at the constant difference in temperature, ^„, into a sheet 

of water to the depth, 17, the expressions (185) and (188) are put equal 

to one another. We obtain 

^Q-zA -^ 0215e,Qrj (189) 

2Xz, = 0-215172 ; 
or, since A = 0155, 

2r. = 0-69V (190) 

"^^ '^^VoS (•Qi) 

Equation (190) gives the time, z„ in seconds, in which a sheet of 
Water, rj mm. thick, heated by steam on one side, acquires the 
tetnperature of the steam on the heated side and is just beginning 
^ get warmer on the other side. 

From equation (191) the thickness, 17, of the sheet which is heated in 
^Ws manner in the time, z,, may be calculated. It is seen very plainly 
""ODi equations (190) and (191) that the steam rapidly heats the 
^^^mal layers of the water with which it is in contact, and that the 
"®at then proceeds only slowly (at a speed inversely as the square of 
*^^ thickness) into the interior of the body of water. 

The principal quantity of heat, which is conducted in a definite 
'^e into the water, remains in and near the outer layers. Little 
^^t is transmitted to the interior, and this little only after the lapse 

B'rom these considerations follow the conditions for a rapid heating 
^^Bter to a high temperature by direct contact with steam : — 

1. The surface of the water must be very great. 

2. The surface must rapidly change. 

3. The period of contact between steam and water must be as long 

as possible. 
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The coefficient of transmission of heat, kg, in this equation may be 
assumed to be : 

1. When the cooling surfaces are metallic walls, 

k^^2 + 10 Jvi (253) 

2. When the cooling surface consists of moving and rapidly 
changing surfaces of water, jets or drops. 

k,^2 + lS Jvi (254) 

The mean temperature difference is obtained from the initial and 
final differences in temperature between air and cooling water, aod 
must be calculated in the usual manner for each case by means of 
Chapter I., Table 1. 
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2 



U, 82 = 6 X 0-215^«i;(8 - 2 X 0-2i;)'^ 

Table 46 gives, in column 3, the depth, 17, to which, according to 

equation (191), the heat would penetrate in z, = 0*1-1 2 seconds into 

a sheet of water warmed on one side, and in column 4 the quantity of 

heat in calories which enters in this time through 1 sq. m. of the water 

surfsice with a temperature difference of Oa = 1° C. Columns 6-12 

give, for sheets of water, jets and drops of 8 = 1-7 mm. thickness or 

diameter respectively, the mean increase in temperature of the whole 

mass in the times given, for each 1° difference in temperature. 

It is clearly seen from, this Table 46 that the greatest transference 
of heat takes place at the moment of contact of water and steam, and 
that it then becomes much slower, since the difficulty experienced by 
the heat in entering the water increases with the depth. 

It is not maintained that this method of consideration, and the 
conclusions drawn therefrom, lead to infallible figures to be at once 
applied in construction. They appear, however, to approach very 
nearly to the truth and to give very valuable indications. 

9. The Volumes occupied by 1 kilo, of Air at Various Pressures 
below 1 Atmosphere and at Various Temperatures. 

In determining the dimensions of condenser and air-pump, it is 
necessary to know the volume occupied by 1 kilo, of air under 
diminished pressure and at various temperatures. Table 47 gives 
these volumes for most ordinar}^ cases. It has been calculated in the 
following manner : — 

Let yi = the weight of 1 cub. m. of air in kilos., 
a^ = the volume of 1 kilo, of air in cub. m., 
ti = the temperature of the air in ° C, 
T = the absolute temperature, 

= + tij in which a is the coefficient of expansion of air. 
According to Dronke, for air imder very low pres- 
sures - = 274-6. Therefore T = 274*6 + t,, 

a 
p =s the mean atmospheric pressure = 10,336 kilos, per sq. m., 

when the barometer stands at 760 mm., 
i? =» a constant, which for air is 29-27. 
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sulphurous acid at 14" C, 326 per ceui, of sulphuretled hydrogen 
14'6°, 73,700 per cent, of ammonia at 14-U) U is neoessar)- to asm 
that the injected water used /or condensation may frequently c*mi 
considerable quantities of gases. 

On the other hand, it is usual to ftssume (after Bunsen, Giuo- 
metrische Methodm, 1857) that rain water and most spring w»(m 
contain about 2'5 volumes per tent, of almospkeric air. Spring* us 
known the water of which contains 13 volumes of gas per cent. 

The liquids to be evaporated also contain very variable, and oftai' 
considerable, quantities of gases, especially anUDonia. In (bis caw 
also 2'5 per cent, may be taken as the average. 

Finally, the leakages in the apparatus and pipes are to be con- 
sidered. We assuiiiQ that the quantity of air entering thioQgli 
faulty joints, cracked glasses and defective metallic connectiou^. i^ 
equal to 10 volumes per cent, of the cooling water employed. 

Thus the air introduced into the condenser is 2'5 + 2'5 + 10 = 15 
volumes per cent, of the cooling water. For safety, and in order lo 
allow for the possible presence of other gases than air in the cooling 
water, this number will be still further increased. We shall assume 
that inoondensible gases to the ext-ent of about 20 volumes per cent. 
of the cooling water are carried into the condenser, i.e., that for ever; 
1000 litres of cooling water 200 litres of air (and other gases) enlu 
the condenser. 

Now 1 cub. m. of air under atmospheric pressure at 0° C. weigh* 
1-294 kilo, and at IS'' C. 1-2266 kilo., thus 200 litres of air wei, ' 
about 0'25 kilo. ; therefore we shal! take as the basis of the followi 
calculation the assumption that, for every 1000 litres of cooling wat 
0*25 kilo, of air is introduced into the condenser and must be pum[ 
out. 

From equation (176), W = ,^° ~ ' , and Table 41. we know t 
quantity of cooling water required in each case ; therefore we can 
once find, on the basis of tha above somewhat arbitrary but b 
fioieut assumption, the weight of air to he exhausted from I 



The so-called wet and dry i 
separately. 



r-pumps must i 



■ be oonsidei 
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B. The Volume of Air to be exhausted from Wet Jet- 
Condensers. 

By a ** wet " air-pump is understood a pump which, together with 
the air, takes in the whole of the water from the condenser and 
forces it away. 

The air to be removed from the condenser is invariably mixed 
with vapour at the same temperature as the air. The common tem- 
perature of the air and vapour depends on that of the water with 
which they were last in contact. In wet condensers the mixture of 
air and vapour remains together with the quite warm water to be 
dravni off (formed from the injected water and the condensed steam), 
and goes with it into the pump. It has therefore almost the same 
temperature as the water. In counter-current condensers the air is 
last in contact with cold injected water, which has just entered, and 
thus is cold when it reaches the air-pump. 

A wet condenser can be so arranged that the air-pump exhausts 
the warm water from the bottom and the air, which is then cold, 
because it was last in contact with the injected water, at the top. 
The cold air, however, then enters the pump along with the warm 
water, and is rapidly heated by it and the vapours rising from it, 
since its weight is small in proportion to that of the water. The 
final condition between air and vapour is thus also in this case quite 
similar to the ordinary condition in which air and water are taken 
off together, although not quite the same. The vapour, which is 
mixed with the air, has always the temperature of the waste water 
in wet condensers, consequently the pressure it exerts is the greater 
the warmer the water which flows away. The pressure of the air 
(and thus its weight per cub. m.), which, together with the pressure 
of the vapour, gives the total pressure, is the greater the colder the 
water exhausted by the pump. 

The volume of the air depends on its pressure (which is only a 
portion of the total pressure in the condenser) and its temperature ; 
it may be calculated as was done in Chapter XX., 9, and in Table 47. 

Let W = the weight of injected water. 

L » the weight of air in the water. On our 'assumption 

L^^W^^kHos (255) 

1000 ^ 



342 EVAPORATIXO AND CONDENSING APPARATUS. 

r,. = the volume of air in cub. m., which is to be exhausted 
from the wet condenser, ¥„ from the dry oondeiuer, 
and V^ from the surface condenser. 

a, » the volume of 1 kilo, of air in cub. m. 

yi = the weight of 1 cub. m. of air in kilos. 

p = the pressure of the atmosphere in kilos, per sq. id. » 
10,336 kilos. 

(, B the temperature of the waste water. 

a = the coefficient of expansion of air = 0*003665. 

6 = the pressure of the air in the condenser in mm. of 
mercury. 

T = the absolute temperature, T =^ I + t^ ^ 273 + K. 

a 

By the laws of Mariotte and Gay Lussac ^ = i?, a constant, 

which for air is 29*27. 

Thus 1 kila of air has the volume 

a, = ?I?-±l'29-27 (256) 

P 

and L kilos, of air have the volume 

^.^ ^ L(273 + 02g.27 ^2.57) 

P 

For a pressure, which is — - of the atmospheric when measured 
in mm. of mercury, the volume of the L kilos, of air is 

r,. = ^(^±^29271?? (256, 

p b 

or. inserting the numerical values, 

r,, = ^^]?:_^(-73 _+_ 029-27 X 760 ^ o-538o^^'(?'^-^ + ^-^ (259) 

l600;)6 b 

In the case of every evaporator the weight of steam passed into 
the condenser, which is equal to the weight of water to be evaporate*!, 
is given. The weight of the injected water, ir, then follows by means 
of equation (176) and Table 41, if its initial and final temperatures 
are known. Both these temperatures may be given under certain 
circumstances, but under others they must be assumed after examin- 
ing the case. From the weight of the injected water there follows, on 
our liyiK)thesis, the weight of the air introduced into the condenser. 
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The vacuum, or, what is the same thing, the absolute pressure in 
the condenser, can generally be fixed as desired. It will naturally 
be endeavoured to reach the highest possible vacuum, i,e., the lowest 
possible pressure. 

The volume of air to be exhausted is obtained at once, from its 
known weight and the vacuum decided upon, by equation (200) and 
Table 47. 

Example. — Water at ta =^ 10° C. is at disposed to condense 100 kilos, of steam ; 
it is to flow away at te = 40° C. The vacuum is to be 680 mm., i.e., the absolute 
pressure is to be 760 - 680 = 80 mm. By Chapter XX., Table 41, the injected 
water is then W = 1960 kilos.; the tension of the vapour is 54*9 mm. at 40° C, 
and since the total pressure is 80 mm., the pressure of the air, 6 = 80 - 54*9 = 25*1 
mm. All the necessary figures for calculating out the equations are now given. 

The weight of the air L = -^-^^^^ = 0*484 kilo. 

The volume of 1 kilo, of air at 40° C. and 25-1 mm. pressure is, by Table 47, 

at = 27,020 litres. Consequently the volume of 0*484 kilo, of air is (for 100 kilos. 

of steam) 

Vm = Lat = 0-484 x 27,020 = 13,070 litres. 

The wet air-pump has therefore to remove, in the condensation of 100 kilos, of 

steam, 1960 kilos, of water + 100 kilos, from steam and 18,070 litres of air, in all 

15,130 litres. 

In Table 72 are given the quantities of injected water and the 
volumes of air, which must be exhausted by wet air-pumps, for 
vacua of 600-740 mm., for initial temperatures of the cooling water 
of t^ = 5°-35° C, and final temperatures of X = 10°-50° C. 

If the injected water and the liquid to be evaporated con- 
tain more or less air and gases, and the apparatus is more or less 
air-tight than we have assumed, the volume of air given in Table 
72 must be increased or diminished in proportion to the altered cir- 
cumstances. The figures in the table are determined for actual use, 
and for most cases are to be regarded as abundant. But if the water 
employed contains, e.g., not 20 per cent, (by volume), but 15 per cent, 
of gases, the volume of air to be exhausted is ^ J of that given in Table 72. 

Table 72 not only (jives the actual quantities of water and air to he 
exhausted, it also shows that for any determined vacuum and any 
temperature of the injected water there is a definite most favourable 
temperature for the waste water, at which the volume of air to he 
exhausted is least. The reason for this is, tfiat the higher the tem- 
perature of the waste water the less water is required^ and consequently 
the less air is introduced into the condenser ; hut the warmer the waste 
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Table 72. 1 


The cooling water required, tuiid the volume of air to be exhausted, in 1 


litres, for the evaporation of 100 kilos, of water at vacua of J 


GOO-740 mm,, with the cooling water at initial tempei-atores otS 


t. = 6''-3(r C, and at final temperaturea of /, = 10^50^ C. (orM 
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1 


Steam. 


Cooling wuter. 


- J 


s 




i 


S 












1 


s 


t. 


1 
1 


■3 s 


§1 


" 


i 

1 


i 


1 






-«: 




& 


^2 




kilos. 


£ 


* 

kilos. 
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* Table 47 — (continued). 



Vacuum. 


2 
B 

El 
t, 


605 


600 


595 


590 


585 


580 


575 


570 


565 


560 


555 


550 


Absolute pressure, b. 


156 


160 


165 


170 


175 


180 


185 


190 


195 


200 


205 210 


Volumes, a^, in cub. m., of 1 kilo, of air. 


! 1 
3-87' 3-75 3-64 


3-53 


343' 3-33 


3-24 316; 308 


300 


2-93 


2-86 
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3-94 3-82, 3-70 360! 349 339 330 322 314 


3 06 
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2-97 


18 


408| 3-95 
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3 08 


3 01 
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3-44|3-35 3-27 
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312 


30 
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415 403 


3-91; 3-80 3-69 359 349' 340 332 


3-24 
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38 


4-36 


4-22 409i 3-97 386 375 


3-65 3-55 3-46 ' 337 


3-29 


3-22 


40 
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3-70 3-61 3-52 343 ! 334 


3-27 


48 


4-501 4-36 4-23' 410 398 387 


3-77 


3-67, 3-58 I 3-49 340 


3-22 


SO 


4-57 4-42' 4-29; 4-16 405 393 382' 373, 363 


3-54 


3-45 


3-37 


88 


4-64. 4-49 4-35 423 4111 399 

i 
1 


3-88 3-78 3-68 

1 

1 


3-60 


3-50 


3-42 


60 



11. The Dimensions of Wet (Parallel-Current) Jet- Condensers. 

Wet condensers are used with advantage in connection witli 
evaporators of small and medium capacity, evaporating 100-3000 
kilos, per hour, for which limits Table 49 has been calculated (Fig. 
14, p. 210). 

The wet parallel-current condenser is a closed vessel, which is 
entered at the top by the steam to be condensed and the cooling 
water, and from which the liquefied vapours, the heated cooling 
water and the uncondensed gases are together exhausted by means 
of a " wet " air-pump. The diameter and height of the condenser 
and the diameter of the pipes, by which the steam and water enter 
and the water leaves, are to be calculated. 
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2895 


68 61 ' 0-724 


7168* 






[[ 




[[ 




50 


2296 


4S-02 0-574 


8357 






'■'■ 


:: 


•• 


80 


35 

40 
43 


11780 
5840 

3860 


98- 17 . 2-945 
851 1-460 
68-61 0-965 


19982 1 1 
11595 U 

9.581*M 












50 


2870 


48-02 1 0-718 


10447 ■ 




■• 






35 


40 
45 


11680 
5790 


85-1 2 920 
69-61 1 1-448 


23191 ■ 
14377* ■ 




640 


120 


55 ■ 623 


5 


10 
15 
20 
25 


12260 
6080 
4020 
2990 


110-8 3-062 
107 3 ; 1-520 
102-61 , 1-005 
9645 ' 0-748 


I690S ■ 
6811 ■ 
6205 n 
5014 




„ 






!! 30 


2372 


88-45 ! 0-593 


439(1 




„ 




.. 


., 35 


1960 


78-17 0-490 


4171* 








: 


.. 1 40 


1666 


65-1 ■ 0-417 


4280 










,. ' 45 


1445 


48-61 1 0-361 


5103 








" _[ 


., 50 


1273 


28-02 1 0-318 


7956 








■ • >■ 


10 15 


12160 


107-3 3-040 


17632 








" ',. 


,. 20 


6030 


102-61 , 1-508 


9310 










., 1 25 


3991 


96-45 1 0-998 


6675 ■ 










.. 1 30 


3966 


88-45 ' 0-741 


5488 ■ 










.. 35 


2352 78-17 | 0588 


5005«H 










,. 40 


1943 


65 1 0-486 


5061 ■ 










„ ■ 45 


1680 


48-61 1 0-420 


5937 ■ 










„ 50 


1433 


28-02 1 0-358 


8957 ■ 










15 ' 20 


12060 


102-61 ! 3-015 , 


18618 ■ 
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Table 72 — (continued). 



Vacuum. 


• 

2 

3 
1 

2 

o 

< 


Steam. 


Cooling 


water. 


Air. 


2 

3 

2 


• 

o 

3 

o 

EH 


Initial 
temperature. 


Final 
temperature. 


CO 


2 

3 

u 


■ 

•a 


• 

o 

B 

> 


mm. 


mm. 


°C. 


c. 


((f. 


tr. 


kilos. 


mm. 


kilos. 


Litres. 


640 


120 


55 


623 


15 


25 


5980 


96-45 


1-495 


9990 










)) 


30 


3953 


88-45 


0-988 


7316 










n 


35 


2940 


78-17 


0-735 


6262 










tt 


40 


2332 


651 


0-583 


6085* 










yf 


45 


1927 


48-61 


0-482 


8599 










If 


50 


1637 


2802 


0-409 


10233 










20 


25 


11960 


96-45 


2-990 


21979 










ft 


30 


5930 


88-45 


1-482 


10971 










tt 


35 


3920 


78-17 


0-980 


7342* 






^^ 




yt 


40 


2915 


651 


0-729 


7592 










tt 


45 


2312 


48-61 


0-578 


8167 










it 


50 


1910 


28-02 


0-478 


11959 






. 




25 


30 


11860 


88-45 


2-965 


21950 










M i 35 


5880 


78-17 


1-470 


12513 










tt 


40 


3857 


651 


0-972 


10122* 










ft 


45 


2890 


48-61 


0-723 


10213 










tt 


50 


2292 


28-02 


0-573 


14336 










30 


35 


11760 


78-17 


2-940 


25025 










II 


40 


5830 


651 


1-458 


15184 










II 


45 


3854 


48-61 


0-964 


13620* 










II 


50 


2865 


28-02 


0-716 


17914 










35 


40 


11660 


65-1 


2-915 


30357 










1 1 


45 


5780 


48-61 


1-445 


20427* 


660 


100 


52 


622 


5 


10 ; 12240 


90-8 


3 060 


20869 










II 


15 , 6070 


87-3 


1-518 


10823 










II 


20 i 4013 


82-61 


1-003 


7692 










„ 25 1 2985 


76-45 


0-746 


6284 










II 


30 


2368 


68-45 


0-592 


5673 










II 


35 


1957 


58-17 


0-489 


5599* 










II 


40 1663 


451 


0-416 


6232 










„ 45 


1443 


28-61 


0-361 


8718 










II 


50 1 1271 


802 


0-318 


28458 










10 


15 12140 


87-3 


3 035 


21640 










II 


20 j 6020 


82-61 


1-505 


11543 










II 


25 3980 


76-45 


0-995 


8382 










»l 


30 . 2960 

1 


68-45 


0-740 


7091 
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1 




1 


Stewn. 


C..U.g..». 


Air. 




i 


si PI . ■ 






■ 




o. 


3 s 










■ 


B 




1 s 


i 


t ' 


g 






I 


^ 


i 


1 , i 


11 


Sa 


1 


1 


.* 


1 


1 




< 


4|f 






kilos. 


£ 


kilos. 


> 

Uln.. 


600 


100 


52 1 632 


10 


35 


23W 


5817 


0-587 


6731« 














40 


19-10 


45-1 


0-485 


726d 














45 


1677 


28-61 


0-419 


10118 


K 












50 


1430 


802 


0-358 


31791 1 


1 










15 


20 
25 
30 
36 
40 
45 
50 


12040 
5970 
3946 
2935 
2328 
1933 
1634 


82-61 
76-46 
68-40 
5817 
45-1 
28-61 
802 


3 010 
1-493 
0-987 
0-734 

0-582 
0-481 
0-409 


22966 
12578 
9462 
8403« 
8718 
11611 
36555 












20 


33 
30 
35 
40 
45 


11940 

5920 
3913 

2910 
2308 


76-45 

68-45 

58-17 

45-1 

28-61 


2-985 
1-480 
0-978 
0-728 
0-577 


25164 
14181 
11098 
11020' 
13715 














50 ' 1907 


8-02 


0-477 


42687 












25 


30 11840 


68-45 


2 960 


28364 














35 


5870 


58-17 


1-468 


16803 














40 


3880 


45-1 


970 


14331' 














45 


2885 


28-61 


0-721 


17319 


■ 












50 


2288 


8-03 


0-572 


51188 


m 










30 35 


11740 


58-17 


2-935 


33306 


■ 












40 


5820 


45' 1 


1-455 


21796" 


W 












45 


3847 


28'61 


0-962 


23332 














50 


•2860 


8-02 


0-715 


63965 












35 


40 
45 


11640 
5770 


451 

28-61 


2-910 
1-443 


43592 
34836' 


1 


680 


80 


48 


621 




10 
15 
20 
25 
30 
35 
40 


12220 
6060 
4006 
2980 
2364 
1453 
1660 


70-8 
67-3 
62-61 
56-45 
48-45 
38-17 
251 


3-073 
1-515 
1-001 
0-745 
0-591 
0-488 
0-415 


24759 
14053 
10150 
8508 
6961' 
8535 
11176 


K 










'.'. 45 


1440 


8-61 


0-360 


29635 


1 


/ 
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Table 72 — [i-onliniic/). 





£ 


Steam- 


Cooling water. 


Air. 


S 




































i 
> 


1. 


"C. 


1 


it 
11 


1 

It 

I.- 


3 

kilos. 


1 


1, 
1 

IdloB. 


i 

Litrea. 


680 


80 


« 


621 


5 


50 ' 1269 














I 


10 


15 12120 
20 1 6010 
25 3970 
30 ' 2955 


67-3 
62-61 
.56-15 
48-45 


3 030 
1-502 
0-993 
0-739 


28106 
15230 
11334 
9952- 








[^ 




35 


2344 


38-17 


0-586 


10249 












40 


1937 


25-1 


0-484 


13070 










45 


1674 


8-61 


0-419 


44492 








15 


20 


12020 


6261 


3005 


30501 










25 


5960 


56-45 


1-490 


17016 










30 


3940 


48-45 


0-985 


13337 










35 


2930 


38-17 


0-732 


12600* 








[[ 


40 


2324 


25-1 


0-581 


15646 










45 ' 1920 


8-61 


0-480 


39513 






!' ' ',', 


20 


25 1 11920 


56-45 


2-980 


34034 










30 1 5910 


48-45 


1-478 


19909 










35 1 3903 


38-17 


0-976 


17070* 










40 : 2905 


25-1 


0-726 


19602 










45 . 2304 


8-61 


0-576 


47992 








as 


30 11820 


48-45 


2-960 


39804 










35 1 5860 


38-17 


1-465 


25623» 












40 : 3877 


25-1 


0-969 


26102 












45 ! 2880 


8-61 


0-720 


59270 










30 


35 ; 11720 


38-17 


2-930 


51246 












40 


5810 


251 


1-453 


39116* 












45 


3840 


8-61 


0-996 


79027 










35 


40 


11620 


26-1 


2-905 


78234* 








"^ 




45 


5760 


8-61 


1-440 


118541 


700 


60 


44 


619 


5 


10 


12180 


50-8 


3-045 


36723 












15 


6040 


47-3 


1-510 


17818 












20 


3993 


42-61 


0-998 


14870 












25 


2970 


36-45 


743 


13166* 












30 


2356 


28-45 


0-589 


13641 












35 


1947 


18-17 


0-487 


17946 












40 


1654 


5-1 


0-414 


51936 








'■ 


lb 


15 


12080 


47-3 


3 020 


37616 
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Tabi^ 72 — {continited). V 






I 

z. 


sv. 


^, 


cw,^„„ 


- Jl 




j i -_ 












3 1 il 














f 1 -5 


= e "' 








a 

> 


1 

•< 


1 1 


mi i 


J 1 


S 
> 




««. 


■"- 


■c. .. 


(.- 1 V UlM. 


mn. kUo^ 


UtM. 


TOO 


60 


U 619 


1 

!0 20 5990 


42-61 1-498 


223» 










,. 25 3960 


3645 990 


17543 








!. 


,. 30 2945 


28-45 0-736 


17016» 










., 




35 2336 


18-17 <I584 


:il520 














40 1930 


51 0-483 


tmai) 










I 


15 


20 11980 
2.5 5940 
30 3927 
35 2920 
40 2316 


42-61 2-995 
36-45 1-485 
28-45 982 
1817 1 0730 
5 1 ' 579 


44495 
26314 
22743" 
27500 
77169 












20 


25 11880 


36-45 , 2-970 


53633 














30 


.58i»0 


28-45! 1-473 


34115* 










", 




35 


3893 


i8a7 


0976 


359C1 














40 


2895 


51 


0-724 


90836 












25 


30 
3.i 
40 


11780 

5M40 
3860 


28-45 
18-17 
51 


2945 
1460 
0-U<i5 


G8204 
53801 • 
121059 












30 


35 
40 


11680 

5790 


18-17 

O'l 


2920 
1-448 


I07602* 
181640 












35 


40 


11580 


51 


2-895 


363177 




710 


50 


38 


618 


5 


10 


12160 


40-8 


3 040 


45661 










;| 




15 
20 
25 
30 
35 


6059 
3986 
2965 
3353 

19i3 


37-3 

26-45 
18-45 
8-17 


1-508 
0-997 
0-741 
0-588 

0-486 


25259 
18474 
18147* 
20997 
40780 1 










„ 


io 

.. 

■ ■ 


L5 
20 
25 
30 
35 


12060 
5980 
3953 
2940 
2332 


373 
32-61 
26-45 
18-45 
817 


3-015 
1495 
0-988 
0-735, 
0-583 1 


50501 !■ 

24460*M 
26247 M 
48920 ■ 












15 


20 


11960 


32-61 


2-990, 


58375 ■ 








„ 






25 5930 


26-45 


1'483 ; 


3633:^ ■ 














30 3920 


18'45 


0980' 


35106*|H 








.. 




„ 


35 2915 


8-17 


0-729 1 


51268 H 








■■ 


'.'. 20 


25 j 11860 


26-45 2'965 ' 


73013 !■ 






J 
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11760 
5830 

11660 

12140 
6020 
3930 
2960 
2348 

12040 
5970 
3946 
2935 

11940 
5920 
3913 

11840 
5870 

11740 

12U0 
6000 



11900 
5900 

11800 

12060 
5980 
3950 

11960 
5930 

11860 



18-45 


1-470 1 


8-17 


0-972 


18.45 


2-940 


M'I7 


1-458 


HI 7 


2-915 


30'H 


3-035 


27-3 


1-505 


22-61 


0-995 


16-45 


0-740 


8-45 


0-587 


27-3 


3-010 


22-61 


1-493 


16-45 


0-987 


8-45 


0-734 1 


22-61 


2-985 


16-45 


1-480 


8-45 


0-978 1 


16-45 


2-960 ! 


H-45 


1-468] 


8-45 


2-935 1 


2(VH 


3-028 


17-3 


1-500 


12-61 


0-991 


6 45 


0-738 


17-3 


3-000 


12-61 


1-488 


6-45 


0-983 


12-61 


2975 


6-45 


1-476 


6-45 


2-950 


10-8 


3 016 


7-3 


1-495 


2-61 


0-985 


7-3 


2-990 


y-61 


1-483 


2-61 


2-965 



52494" 

81544 
104587" 
122341 
244597 
60457 
34404 
27108" 
28986 
46937 
68809 
42312 
3864 !• 
68690 
84565 
58134" 
79472 



54090 
50174" 
123277 
108180 
75337" 
100065 
147709 
150553 



172126 



179950 

257*58 
270a58 
541676 
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Table T2—(conlmueel). H 








Steam. 


Cooliug water. 


... 1 


g 




a ' £ , -.■ 




■ 














■ 




i 


1 
< 


S 


1 
1 




1 




1 




700 


W 


^G. 


^■ 


U. 1.. kilos. 


mm. 


kilM. 


Uim. 


44 


Giy 


10 20 5990 


42-61 


1-498 


22330 










,. 25 1 ayfio 


36« 


0990 


17543 










.. 30 1 2945 


28-45 


0-736 


17046* 








'.'■ 1 !! 


„ 1 35 : 2336 


13-17 


584 


21520 








.. .1 


.. ■ 40 , 1930 


5-1 


0-483 


60590 








.. 1 » 


15 20 , UtlHO 


42-111 


2995 


44495 








■■ 1 M 


„ ■ 25 ■ 5940 


36-45 


1-485 


2631* 










., 30 ; 3927 


28-45 


0-982 


22743* 










„ i 35 ' 2920 


18-17 


0-730 


27500 










„ 40 ■ 2316 


5-1 


0-579 


77169 










20 1 25 ! 11880 


30-45 


2'970 


52628 










.. 30 1 5890 


28-45 


1'473 


34115* 










.. 35 3893 


18-17 


0-976 


35965 










„ ; 40 2395 


5-1 


0-724 


90826 








!• >• 


25 1 30 11780 


28-45 


2945 68204 








,, ,_ 


„ , 35 5840 


18-17 


1-460 53801* 












,. 1 40 a860 


5-1 


0-965 . 121059 












30 35 : 116«0 


13-17 


2-920 ; 107602" 












.. 1 40 5790 


51 


1-448 ' 181640 








„ 




35 1 40 11580 


5-1 


a-895 j 363177 


■ 


710 


50 


38 ; 618 


5 10 12160 
., 15 6059 
.. 20 3986 
„ 25 2965 


40-8 
37-3 
32-61 
26-45 


3040 ! 45061 
1-308 1 25259 
0-997 j 18474 
0-741 ' 18147» 












30 1 2352 


18-45 


0-588 i 20997 












35 1943 


8-17 


0-486 1 40780 










ib 


15 1 12060 

20 1 5980 
25 1 3953 
30 2940 
35 ! 2332 


37-3 
32-61 
26-45 
18-45 
8-17 


3015 1 50501 
1-495 , 27601 
0-988 , 24460* 
0735 1 26247 
0-583 1 4B930 










16 


20 , 11960 


32-61 


2-990 1 68375 








.. i .. 


., 1 25 1 5930 


26-45 


1483 36323 








„ 


.. 1 30 ' 3920 


18-45 


0-980 35106* 








•• 


„ 1 35 , 2915 


8-17 


0-729 1 51268 








„ 1 ., 20; 25 1 11860 


26-45 


2-965 ' 73013 


J 
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Table 7^ — (eonlinited). 





i 


Sleam. 


c.„.« ...... 


— 


Air. 




i ■ 
1 1 


e 
1 


lli 


£ 




« 


I 


-l 




A 


-I! -^ 




% 


1 


i 


< 


1 1 


■IE 


11 ^ 


c. 


& 


•^ 


:n. 


mm. 


"C. <•. 


L. 


t,. kilox. 


mm. 


kiloB. 


J^itroB. 


.0 


50 


38 ' 618 


20 


30 


5880 


18-45 


1-470 


52494» 










35 


3B87 


8-17 


0-972 


81544 








25 


30 


117C0 


18.45 


2-940 


104587* 










35 


5830 


a-17 


1-458 


122341 








30 


35 


11660 


8-17 


2-915 


244397 


iO 


40 


34-5 617 


5 


10 


12140 


30-8 


3035 


60457 










15 


6020 


27-3 


1-505 


34404 






" 




20 


3980 


22-61 


0-995 ! 27108" 1 










25 


2960 


16-45 


0-740 1 28986 | 






\] 






30 


2348 


8-45 


0-587 


46937 










io 


15 


12040 


27-3 


3-010 


68809 












20 


5970 


22-61 


1-493 


42312 








" 




25 


3946 


16-45 


0-987 


38641* 












30 1 2935 


8-45 


0-734 


58690 




" 






15 


20 1 11940 
25 ! 5920 


22-61 
16 '45 


2-985 
1-480 


84565 

58134" 












30 


3913 


8'45 


0-978 


79472 










20 


25 


11840 


16-45 


2-960 


116269 












30 


5S70 


8-45 


1-468 


117541 










25 


30 


11740 


8-45 


2-935 


234682 


10 


30 


29 


613 


5 


10 


12110 


20-8 


3-028 


89399 












15 


6000 


17-3 


1-500 


54090 












20 


3966 


12-61 


0-991 


50174* 










[[ 


25 


2950 


6-45 


0-738 


123277 










lb 


15 


12000 


17-3 


3-000 


108180 












20 


5950 


12-61 


1-488 


75337* 












25 


3933 


6-45 


0-983 


100065 










15 


20 


11900 


12-61 


2-975 


147709 












25 


5900 


6-45 


1-475 


150553 










20 


25 


11800 


6-45 


2-950 


300605 


[0 


20 


21 


613 


5 


10 


12060 


10-8 


3015 


172126 












15 


5980 


7-3 


1-495 


128939* 












20 


3950 


2-61 


0-985 


179950 










ib 


15 


1 1960 


7-3 


2-990 


267a58 












20 ; 5930 


2-61 


1-483 


270858 










15 


20 11860 


2-61 


2965 


541676 



'i^V2 EVAPORATING AND CONDENSING APPARATUS. 

water, the hiijheT m the vapour jjressure over it, aiu/ therefore ike /mpm 
in the preaure of the air anil Ike (irealrr its specie volume. 

On the siippoBition that the weight of air to be exhaasted ii 
ilirectly proportional to that of the injected water, this most 
able oonditioa (the exhaustion of the least volume of air), which 
indicated iu Tablu 72 by an asterisk (*}, also oocurs at the sai 
tempL'ratures of the outflow if the couling water has a pro{M>rtion cd i 
different lo that which we assumed. Unfortunately our suppoaitiiHi 
of the complete proportionality between air and water is not qui) 
reliable. In reality, therefore, the most favourable cvmlitioa fre- 
quently occurs lU another temperature, which cannot be doterauDod. 
beforehand. It must su&ice to know that there k, a most favoDrabJe 
temperature, whicli can well be found for apparatus at work. 

Since wet air-pumps must carry off the air in addition to 
injected water, their dimensions must be so taki-n tliat to the voliuna 
of air to be exhausted, as given in Table 72, is added the injected 
water, W. 



C. The Volume of Air to be Exhausted from Dry Fall-pipe 
Jet-condensers. 

A dry air-pump is one which exIiauBte the air and uncoudensed 
gases from the condenser, but twt the water. It takes the air Imm 
the condenser at the place whero the cooling water enters, and thuft' 
the exhausted air has quite or almost the temperature of this in< 
jeoted water, t^. 

On our assumption, the weight of air taken from the condenser- 
that to be exhausted by the air-pump — is directly proportional to the 
quantity of the injected water; therefore equation (255) gives hem 
also the weli/ht of air : 

-'"S^ <-) 

Equation (259) is used to determine the volimie. of air, V,„ which tha 
dry air-pump has to carry away, with the difference, that inatead of 
inserting the temperature of the waste water. t„ for that of the air, 
that of the entering water, t., is to be used. 

^^ _ W0:2U^ +^2S-^7 . 760 _ ^.^.^W^l^) pj,, 
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Table 73 has been calculated by means of this equation. In this 
case, as with wet condensers, a larger or smaller proportion of air in 
the injected water increases or diminishes the volume of air to be 
exhausted. 

The chief differences between wet and dry condensers (almost 
entirely to the advantage of the latter) are the following : — 

The temperature of the water from dry (fall-pipe) condensers may 
be higher than from wet condensers, since, as we know, it may 
almost attain the temperature of the vapours passing into the con- 
denser. Dry condensers, therefore, require much less water than 
wet condensers of the same capacity. 

The smaller quantity of water brings a correspondingly smaller 
quantity of air into the apparatus, and, since this air is almost at the 
temperature of the entering cooling water, i.e., much colder than in the 
wet condenser, the smaller weight of air has also a smaller specific 
volume. Also the vapour mixed with the air has a lower temperature, 
and therefore a lower pressure, and there remains a larger fraction of 
the total pressure in the condenser for the air. Thus there is almost 
always a smaller volume of air to be exhausted from a dry condenser. 

Dry air-pumps may run at a greater speed than wet, because they 
have no water to overcome ; for the same reason they may always be 
smaller than wet pumps for the same evaporative capacity. 

Comparing the very different volumes of air to be exhausted in 
the dififerent cases considered in Table 73, the following conclusions 
may be drawn : — 

1. Even with very warm cooling water fairly good vacua viay be 
reached by means of dry condensation. Such conditions require only 
much cooling water and large air-pumps. The cooling water is still 
usable when it is only a few degrees cooler than the temperature of the 
evaporating liquid, 

2. The more nearly the temperature of the exhausted air approaches 
to that of the entering cooling water ^ and that of the tvaste water to the 
temperature of the evaporating liquid, i.e., the more completely the 
cooling water is utilised, the better is the condensation and the smaller 
may the air -pump be. When the air -pump is only just large enough 
under given conditions, the condensation can never be improved y but 
only made worse, by a larger water supply. 

S. Itis very important to take the air quite cold from the condenser. 

The colder the air, the better the vacuum. 

23 
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Table 73. 
The consumption of cooling water and volume of air, in litres, to be 

exhausted, for the oondenaation of 100 kiloB. of ateam at vacua of 

600-740 mm. 

Initial temperature of the cooling water, (., = 5° to 50° C. 

Final „ „ .. '-. = 10° to 61-5°C. 

in dry, fall-pipe jet-condenstrs. 



V««uum 600 m 






AbBolule pressure, 160 mm. 


Temparature. G1-5°C. 




Total heat, c ^ 625 oals. 


Cooling water. 


Air. 


Initial Final 
tempera- tompcra- 


Weight. 


Tempera- 


1 
Preuure. 1 Weight. 


Volume. 


f- 


/,. 


kilra. 


i... 


... 1 .... 


Litrei. 


5 


61-S 


997 


5 


1535 0-25 


978 








10 


150-8 


1017 


" 




" 


15 


147-3 1 


105.5 


" 


55 


1140 


5 


1535 1 0285 


IIH 








10 


150-8 ' „ 


1159 


„ ( 




15 


147-3 1 


1205 


;; 50 


1277 


5 


1535 0-319 


1247 




" 


10 


150-8 1 


1298 






15 


147-3 




1346 


10 61-5 


1094 


10 


150-8 


0-274 


1115 






15 


147-3 




1156 






20 


142-6 




1210 


I I 55 


1266 


10 


150-8 


0-317 


1299 






15 


147-3 




1338 






20 


142-6 




1400 


"., \ 60 


1437 


10 


150-8 


0-359 


1460 






15 


147-3 




1515 


„ 






20 


142-6 




1586 


15 


61-5 


1212 


15 
20 
25 


147-3 
142-6 
136-5 


0-303 


1279 
1338 
1430 




55 


1425 


15 
20 


147-3 
142-6 


0-356 


16U2 
1573 
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Table 73 — {continued). 



Vacuum, 600 mm. 




Absolute pressure, 160 mm. | 


Temperature, 61*5° C. 




Total heat, 


c = 625 cals. 


Cooling water. 


Air. 


Initial 


Final 




1 

Tempera- 








empera- 


tempera- 


Weight. 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




VUX w* 








ta. 


te. 


kilos. 


^fcf 


mm. 


kilos. 


Litres. 


16 


65 


1425 


25 


136-5 


0-366 


1680 


»f 


50 


1642 


15 


147-3 


0-41 


1732 


If 


»> 


»» 


20 


142-6 


»» 


1811 


»» 


»» 


»» 


25 


136-5 


»» 


1938 


20 


61-5 


1385 


20 


142-6 


0-346 


1528 


»» 


)» 


»» 


25 


136-5 


»» 


1633 


»» 


»» 


»» 


30 


128-5 


»» 


1776 


ti 


55 


1629 


20 


142-6 


0-407 


1798 


yy 


»» 


M 


25 


136-6 


»» 


1921 


»» 


»f 


») 


30 


128-5 


>> 


2088 


»» 


50 


1917 


20 


142-6 


0-479 


2116 


»» 


»» 


»» 


25 


136-5 


»» 


2259 


»» 


>» 


»» 


30 


128-5 


»» 


2449 


25 


61-5 


1544 


25 


136-5 


0-386 


1831 


»f 


>» 


»» 


30 


128-5 


»» 


1981 


»♦ 


ly 


)» 


35 


118-2 


»» 


2173 


ij 


55 


1900 


25 


136-6 


0-475 


2242 


>i 


it 


»» 


30 


128-5 


»» 


2438 


»» 


»» 


f » 


35 


118-2 


»» 


2674 


»t 


50 


2300 


25 


136-6 


0-575 


2714 


»» 


i» 


»» 


30 


128-5 


»f 


2953 


»» 


»» 


»» 


35 


118-2 


»» 


3237 


30 


61-6 


1772 


30 


128-5 


0-443 


2274 


f > 


ji 


»» 


35 


118-2 


»» 


2494 


»» 


♦» 


»i 


40 


105-1 


»» 


2856 


>» 


55 


2280 


30 


128-5 


0-570 


2926 


»» 


f» 


»i 


36 


1182 


i> 


3209 


»» 


»t 


»» 


40 


105-1 


») 


3675 



356 
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Table 73 — (continued). 



Vaouum, 600 mm. 




Absolute pressure, 160 mm. 


Temperature, 61*6° C. 




Total heat, c == 625 cals. 


Cooling water. 




Air. 




Initial 


Final 




Tempera- 
ture. 


1 

t 




tempera- 


tempera- 


Weight. 


Pressure, i Weight. 


Volume. 


ture. 


ture. 




1 




ta. 


/«. 


kilos. 


tUf 


mm. kilos. 

1 


Litres. 


30 50 


2875 


30 


128-5 


0-719 


3691 


1 

»f 1 M 


»f 


35 


118-2 


»» 


4048 


19 


»» 


i» 


40 


105-1 


»» 


4635 


35 


61-5 


2125 


35 


118-2 


0-531 


2992 


It 


»i 


M 


40 


1051 


»» 


3426 


ft 


»» 


»» 


45 


88-6 


>f 


4128 


f* 


55 


2850 


35 


118-2 


0-712 


4011 


»» 


»» 


»> 


40 


1051 


f> 


4593 


>» 


»» 


»» 


45 


88-6 


»> 


5524 


»» 


50 


3833 


35 


118-2 


0-958 


5394 


»> 


>f 


>> 


40 


105-1 


»> 


6175 


»> 


>» 


M 


45 


88-6 


i> 


7427 


40 


61-5 


2626 


40 


105-1 


0-657 


4299 


>> 


♦» 


j» 


45 


88-6 


»f 


5094 


»» 


if 


>» 


50 


68 


>» 


6747 


»» 


55 


3800 


40 


105-1 


0-950 


6124 


»> 


»» 


»» 


45 


.88-6 


i» 


7365 


»> 


»» 


»♦ 


50 


68 


»» 


9756 


>> 


50 


5750 


40 


1051 


1-437 


9263 


»> 


»» 


>» 


45 


88-6 


»» 


11141 


>» 


»» »> 


50 


68 


1 
»» 


14758 


45 


61-5 3415 


45 


88-6 


0-854 


6621 


»» 


»> i» 


50 


68 


»» 


8770 


M 


>» »» 


55 


42-5 


>» 


14262 


»» 1 


55 5700 


45 


88-6 


1-425 


11047 


1 


>f »i 


50 


68 


»i 


14634 


»» 


>» ' >» 


55 


42-5 


>» 


23798 


>> 


50 


11500 


45 


88-6 


2-875 


22090 
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Table 73 — (continued). 



VacnuTTi, 600 mm. 




Absolute pressure, 160 


Imm. 1 


Temperature, ei-S^C. 




Total heat, c = 625 cats. 1 


Cooling water. 


Air. 


Initial 
tempera- 


Final 
tempera- 


Weight. 


Tempera- 

t'.iirA 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




UUXO. 








ta. 


te. 


kilos. 


^Ia> 


mm. 


kilos. 


Litres. 


45 


50 


11500 


50 


68 


2-875 


29526 


»> 


»» 


»> 


55 


42-5 


« 

It 


58013 


50 


61-5 


4895 


50 


68 


1-224 


12450 


»» 


»> 


f> 


55 


42-2 


»» 


20300 


ff 


ti 


»» 


60 


12 


»i 


169500 


»> 


55 


11300 


50 


68 


2-825 


29013 


Vacuum, 620 mm. 




Absolute pressure, 14( 


)mm. 


Temperature, 585° C. 




Total heat, c = 624 ci 


ils. 


5 


58-5 


1057 


5 


133-5 


0-260 


1185 


ft 


»f 


»» 


10 


130-8 


tt 


1215 






i» 


>» 


15 


127-3 


tt 


1269 






50 


1276 


5 


133-5 


0-319 


1454 




1 • 


ft 


tt 


10 


130-8 


»» 


1489 






it 


It 


16 


127-3 


tt 


1557 






45 


1447 


5 


133-5 


0-362 


1650 






»» 


»» 


10 


130-8 


tt 


1692 






»» 


tt 


15 


127-3 


tt 


1767 


10 


58-5 


1166 


10 


130-8 


0-291 


1342 


i> 


tf 


»» 


15 


127-3 


tt 


1423 






»» 


t* 


20 


122-6 


tt 


1505 






50 


1435 


10 


130-8 


0-359 


1678 






»» 


tt 


15 


127-3 


It 


1752 






It 


tt 


20 


122-6 


tt 


1856 


■ 




45 


1654 


10 


130-8 


0-414 


1935 






»» 


tt 


15 


127-3 


tt 


2020 


1 




»f 


tt 


20 


122-6 


tt 


2140 
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Table 73 — (continued). 



X,rsasL6S>ma 


L 




Absolute preasure. 140 mm. 


T«Hpn(al«. a^-y C. 




Total hut. r ^ 634 Cftk. 


Coolin..™^. 


Air. 




Wrighi. 


tare. 


PnUDn. Weight. 


Volume. 


;=— - tnrt. 










V 


blfs. 


'<» 


1 "■ 


Litre*. 


:5 5*0 


1300 


15 


127-3 


0-325 


1586 






20 


122-6 




1680 






25 


116-5 




1797 


so 


1640 


16 


127-3 


0-410 


2001 






20 


122-6 


_^ 


2120 






25 


116-5 




2267 


ii 


1930 


15 


127-3 


0-483 


2355 




^_ 


20 


122-6 


.. 


2495 






25 


116-6 




2668 


iC 5S 


1516 


20 


122-6 


0-379 


1959 






25 


116-5 




2094 






30 


108-5 




2310 


V 


1913 


20 


122-6 


0-478 


2471 






25 


116-5 




2703 






30 


108-5 




2913 


ij 


2315 


20 


122-6 


0-679 


2993 






25 


116-5 




3-202 






30 


108-5 




3529 


i.' '^ 


ITlo 


25 


116-5 


0-429 


2372 






30 


108-5 




2615 






35 


98-2 




3913 


v 


eiin; 


25 


116-6 0-574 


3174 






30 


108-3 


3498 






35 


98-2 


3.192 


(> 


!::?ii5 


25 


116-5 0-724 


4004 






30 


108-5 


4413 






35 


98-2 


4908 


«,■ 


■-Wl 


30 


108-5 0-505 


3078 



THE AIB FBOH DBY C0NDEN3EBS. 
Table 73 — {continued). 



Vaouum, 620 nun. Ahsolnte pregaare. 140 mm. 
Temperature. 68-6° C. Total heat, c = 631 eals. 


Cooling water. 


Air. 


loitlal 


Final 
tuta. 
1.. 


Weight, 
kiloe. 


tute. 

li- 


Freuura. 


Weight. 
kiioB. 


Volume. 
Litre*. 


30 
35 

40 


58 
50 

45 

56 
50 
45 

68 
50 
46 

58 


2021 
2870 

3860 

2304 
3827 
6790 

3144 
6740 
11680 

4364 


as 

40 
30 
36 
40 
30 
35 
40 

35 
40 
45 
36 
40 
45 
35 
40 
46 

40 
45 
50 
40 
45 
50 
40 
15 
50 

45 
50 


98-2 
861 

1085 
98-2 
85a 

108-5 
98-2 
851 

98-2 
851 
68-6 
98'2 
85-1 
68-6 
98-2 
85-1 
68-6 

861 

68-6 

48 

85-1 

68-6 

48 

86-1 

68-6 

48 

68-6 
48 


0-605 
0-718 

0-966 

0-576 
0-957 
1-448 

0-786 
1-435 
2-895 

1089 


3424 
4020 
4376 
4868 
5715 
5855 
6543 
7681 

3905 
4585 
6777 
6488 
7618 
9599 
9817 
11626 
14523 

6267 
7884 
11444 
11022 
14393 
20893 
23044 
29037 
42151 

10923 
15866 







T4 





»""-. 



v^ --- 



1 
I 



* ^5" 



•( "^ 



91 



9l 



rli'l 



l^J.I'O 



-Ml 



•.1 



• jh* 






rt 
f* 
It 
tf 
If 

10 

f f 
f f 
f t 
tf 
If 
1 1 
• • 
1 1 



% 



tf 

»» 
tf 



rjt^ 



»i 



60 



ti 



II 
45 

•I 
1 1 



>: 



I2r5I 



1445 

I »' 

1262 

tf 

1432 

It 

»> 



xo 



::c:i 



-jr 


llio 


10 


110 S 


15 


lij7-3 


5 


113-5 


10 


110-8 


15 


107-3 


10 


110-8 


16 


107-3 


20 


102-6 


10 


110-8 


16 


107-3 


QA 


102-6 




^10-8 




07-3 




)2-f 



: j>i 



0313 



0-3615 



»» 



0-315 



t* 



0-358 




I'M 

:o6S 

1647 
1656 
172S 
ISIo 
19-J4 
199.5 
2096 




THE AIB FBOU DBY CONDENSBBa. 
Tablb 73 — (continiied). 



Vttu 


um, G40 mm. 




AbBobte pressure, 120 mm. | 


TomperatQfB. 5e°C. 




Total hes 


....... J 


Cooling water. 


Air, 


Initial 














etnpBra- 


tempera- 


Weight. 


'^"Z^"." 


Pressure. 


Weight. 


Volume. 


(.. 


',. 


kilos. 


li,. 


mn,. 


kiloB. 


Litres. 


15 


56 


1420 


15 

20 
25 


107-3 
102-6 
96-6 


0-355 


2004 
2190 

2382 




50 


1637 


15 

20 

25 


107-8 
102-6 
96-5 


0409 


2372 
2524 
2732 


" 


45 


1927 


15 
20 
25 


107-2 
102-6 
96-5 


0'482 


2796 

2974 
3218 


30 


55 


1635 


20 
25 
30 


102-6 

96-5 
88-5 


0-406 


2505 
2712 
3039 


;■ 


50 


1910 


20 
25 
30 


102-6 
96-5 
88-5 


0-480 


2962 
3306 
3593 




45 


3312 


20 
26 
30 


ioa-6 

96-5 
88-5 


0-578 


3566 
3861 
4326 


35 


55 


1893 


25 
30 
35 


96-5 
88-5 
78-2 


473 


3160 
3540 

4026 




50 


2299 


25 
30 
36 


96-5 
88-5 
78-2 


0-573 


3828 
4289 
4877 




45 


13890 


26 
30 
35 


96-5 
88-5 
78-a 


0-722 


4824 
5408 
6150 


30 


55 


2272 


30 


88-5 


0568 


4241 



362 
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Table 73 — (contintisd). 



Vaouum, 640 mm. 




Absolute pressure, 120 mm. | 


Temperature, 5£ 


»°C. 




Total heat 


, c = 628 cals. 1 


Cooling water. 


Air. 


Initial 


Final 




Tempera- 
ture. 








tempera- 


tempera- 


Weight. 


Pressure. 


Weight. 


Volume. 


ture. ! ture. 










1 


kilos. 


6<i« 


mm. 


kilos. 


Litres. 


30 55 


2272 


36 


78-2 


0-668 


4766 


»» 


»» 


tt 


40 


651 


>i 


5927 


.. 1 50 


2865 


30 


88-5 


0-716 


5359 


tt 1 »» 


»i 


35 


78-2 


ft 


6094 


»f It 


»» 


40 


651 


ft 


7471 


»> 


45 


3833 


30 


88-5 


0-966 


7156 


»» 


tt 


f f 


35 


78-2 


ft 


8137 


>» 


tt 


>» 


40 


65-1 


it 


9976 


35 


55 


2840 


35 


78-2 


0710 


6043 


»» 


tt 


») 


40 


651 


tt 


7409 


It 


tt 


>» 


45 


48-6 


tt 


10039 


tt 


50 


3820 


35 


1 78-2 


955 


8128 


»> 


)) 


tt 


40 


1 651 


f ) 


9965 


»» 


»> 


tt 


45 


1 48-6 


tt 


13504 


tt 


45 


5780 


35 


78-2 


1-445 


12298 


M 


i» 


>> 


40 


651 


tt 


15079 


»» 


»i 


tt 


45 


' 48-6 


tt 


20342 


40 


55 


3787 


40 


651 


0-947 


9882 


M 


tt 


i» 


45 


48-6 


M 


13391 


»' 


tt 


>> 


50 


28 


If 


22018 


»« 


50 


5730 


40 


651 


1-432 


14943 


» » 


n 


tt 


45 


48-6 


It 


20248 


l> 


f f 


» » 


50 


28 


»» 


33294 


•» 


45 


11560 


40 


65-1 


2-89 


30157 


M 


>? 


♦> 


45 


48-6 


tf 


40685 


'» 


»> 


tt 


50 


28 


tt 


67193 


45 


55 


5680 


45 


48-6 


1-420 


20779 


» » 


tt 


It 


50 


28 


It 


35684 
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Table 73 — (contintied). 



Vacuum, 640 mm. 




Absolute pressure, 120 mm. 


Temperature, 56° C. 




Total heat, c = 628 cals. 


Cooling water. 


Air. 


Initial 


Final 




Tempera- 

tl11*A 








«mpera- 


tempera- 


Weight. 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




uux w. 








/-. 


te- 


kilos. 


tla- 


mm. 


kilos. 


Litres. 


45 


55 


5680 


55 


2-5 1-420 


295360 


„ , 50 


11460 


45 


48-6 2 865 


40511 


>» »» 


tt 


53 


28 


71997 


1 


ti 


55 


2-5 I ., 


595920 


50 


55 


11360 


50 


28 1 2-840 

1 


71369 


Vacuum, 660 m 


m. 




Absolute pressure, IOC 


) mm. 


Temperature, 6i 


i°C. 




Total heat, c = 622 ce 


kls. 


5 


52 


1213 


5 


1 

93-5 


0-303 


1947 


»t 


»» 


»» 


10 


90-8 


f f 


1865 


»» 


)) 


)) 


15 


87-3 


f f 


2160 


}) 


45 


1440 


5 


93-5 


0-360 


2313 


11 


11 


11 


10 


90-8 


f f 


2216 


11 


11 


11 


15 


87-3 


f f 


2567 


11 


40 


1660 


5 


93-5 


0-415 


2666 


11 


it 


ft 


10 


90-8 


f f 


2555 


tf 


It 


f » 


15 


87-3 


ff 


2958 


10 


52 


1357 


10 


90-8 


0-339 


2087 


ft 


It 


f f 


15 


87-3 


ff 


2417 


11 


11 


f » 


20 


82-6 


ff 


2600 


It 


45 


1650 


10 


90-8 


0-412 


2539 


11 


11 


f f 


15 


87-3 


M 


2941 


11 


11 


ff 


20 


82-6 


ff 


3164 


11 


40 


1940 


10 


90-8 


0-485 


2986 


11 


11 


f » 


15 


87-3 


f f 


4458 


t1 


It 


ff 


20 


82-6 


ff 


3720 
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Table 73 — {continutd). 



Vmu 


jm.eeOmn 






Absolute pnviiun!. 100 mm. | 


Tamponiun, fia 


c. 




Total hou 


, C = 6^ cdl. 


IniiUI 


loHng writer 
teinpem- 




Air. 


Weight. 


Tempen- 

tUM. 


Prewure 


Woijbl. 


Volume. 


turc. 


lUM. 












'.. 


(^ 


kiloi. 


/;.. 


mm. 


kilos. 


Uir^ 


15 


S3 J 


1540 


16 
20 
35 


87-3 
83'6 
765 


0-386 


37*5 
2953 
3^1 




43 


1923 


15 
20 
25 


87-3 
836 
76-5 


0-481 


3439 
3689 
«W9 


;; 


40 


2338 


15 
30 
25 


87-3 
82-6 
76'5 


0-683 


4149 
4464 
4899 


•20 


rri 


1781 


30 
35 
30 


82-6 
76-5 
68-5 


0-445 


3413 
3746 
4326 




45 


3308 


30 
35 
30 


82-6 
76-5 
G8-6 


0-577 


4426 

4857 
5610 




" 


2yio 


30 
25 
30 


83-6 
76-5 
68-5 


0--i82 


fl5S4 
6128 

707ti 


•25 


M j 


9111 


25 
30 
35 


76-6 
68-5 
58-3 


0-528 


4445 
5133 

6040 




45 


2.sa5 


25 
30 
35 


765 
68-5 
58-2 


0-721 


6069 
7010 
8248 




40 


38(Xt 


25 
30 
35 


765 
68'5 
58-3 


0-950 


7997 
9236 

10868 


30 


o2 


2oai 


30 


G8-5 


0-648 


6S00 



THE AIB FBOM DRY COHDENSEBS. 
Tablb 73 — {continued). 



V&cuum, 6G0 m 


m 




Absolute prossure. 100 mm. 


Tempet»lQre.6a"C. 




Total he&t, c ^ 622 ooJa. 


Cooling water. 


Tempeta- 
ture. 


A 
PreBBure. 


ir. 




iDilial 

sempera- 


Final 


Weight. 


Weight. 


Volume. 
















',. 


(.. 


kiloB. 


h,. 


"""■ 


kilos. 


Litnui. 


30 


52 


2691 


35 
40 


58-2 

45-1 


0-648 


7413 
9662 


'.'< 


45 


3848 


30 
35 
40 


68'5 
58-2 
451 


0-962 


9353 

11005 
14478 


" 


40 


5820 


30 
35 

40 


68-5 
58-2 
451 


1-455 


14146 
16645 
21898 


33 


52 


3364 


35 
40 
45 


58-2 
451 

28-6 


0'839 


9599 
13627 

20268 


■• 


45 


6770 


36 
40 

45 


58'2 
451 
28'6 


1-442 


16502 

21709 
34946 


I 


40 


llti40 


35 
40 

45 


58-2 
451 


2-910 


33290 
43796 

70297 


40 


52 


4750 


40 
40 
50 


451 

28-6 
8 


M88 


17879 
28699 
106540 


" 


46 


11540 


40 
45 
50 


451 
28-6 

8 


2-885 


43419 

69693 
258727 


45 


52 


8143 


45 
50 


28-6 
8 


2-036 


49180 
182108 


50 


52 


- 


- 


- 


- 


- 
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■ 




Table 72—{co7iUnued). 








1 


SCeun. 


Cooling woler. 


Air. 





£ ' 


£ 


S -■ 










2 1 a 












a 
1 


1 


i 1 1 

III 

"C. ; <:. 


1 


ll 


t 
kjloa. 


1 1 

mm, kilos. 


i 

5 
Lirn* 


660 


100 


52 


632 


10 


35 


2348 


5817 1 0-587 


07il- 














40 


1940 


45-1 


0-485 


im 






^ 










45 


1677 


28'61 


0-419 


10118 
















50 


1430 


8-02 


358 


31791 














15 


30 
25 
30 

as 

40 
45 
50 


12040 
5970 
3946 
2935 
3328 
1923 
1634 


82-61 
76-45 
68-45 
58-17 
451 
28-61 
8-02 


3-010 
1493 
0-987 
0-734 
0-582 
0-481 
0-409 


32966 
13578 
9«2 
8(03' 
8718 
11611 
36555 














m 


25 
30 
35 

40 
45 

50 


11940 
5920 
3913 
2910 
2308 
1907 


76-45 
68-45 
58-17 
45-1 
28-61 
802 


2-985 
1-480 
0-978 
0-728 
0-577 
0-477 


«161 
14181 
11098 

uoao- 

13715 
42687 














25 


30 


11840 


68-45 


2 960 


28364 
















35 5870 


58-17 


1-468 


16803 
















40 


3880 


451 


0-970 


14331* 








,, 








45 


2885 


28-61 


0-721 


17219 








„ 








50 


2288 


8-02 


0-572 


51188 












,, 


SO 36 


11740 


68-17 


2-935 


33306 








,, 








40 


5820 


45a 


1-455 


21796- 












^_ 


^_ 


45 


3847 


28>61 


0-962 


23232 












[^ 




50 


2860 


8-02 


0-715 


63965 












;; 


35 


40 

45 


11640 
5770 


461 

28-61 


2-910 
1-443 


43592 
34836- 


■ 


6 


30 


80 


48 


621 


6 


10 
15 


12220 
6060 


70-8 
67-8 


3-073 
1-515 


24759 
14053 


■ 














20 ' 4006 


62-61 


1-001 


10150 


■ 














25 


2980 


56 45 


0-745 


8508 


■ 














30 


2364 


48-45 


0-591 


6961- 


■ 














35 


1453 


38-17 


0-488 


8-535 


■ 














40 


1660 


251 


0-415 


11176 


1 














45 


1440 


8-61 


0-360 


29635 


1 



- 
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Table 72 — {contintied). 





2 

CO 
GO 


Steam. 


Cooling 


water. 


Air. 


2 




• 


d 


• 










P4 


9 

1*^ 


• 


h4 

9 


t-4 

3 


1-^ 








s 

1 


CD 

1 
< 


2 
B 


CO 

o 

o 


Initial 
temperat 


Final 
temperat 


■*a 

M 


• 

t-i 

9 

CO 

u 

P-4 


• 

■a 


• 

B 

9 

> 


mm. 


mm. 


°c. 


c. 


ta. 


te^ 


kilos. 


mm. 


kilos. 


Litres. 


680 


80 


48 


621 


5 


50 


1269 
















10 


15 


12120 


67-3 


3-030 


28106 










tt 


20 


6010 


62-61 


1-502 


15230 










tt 


25 


3970 


56-45 


0-993 


11334 










tt 


30 


2955 


48-45 


0-739 


9952* 










tt 


35 


2344 


38-17 


0-586 


10249 










tt 


40 


1937 


251 


0-484 


13070 










tt 


45 


1674 


.8-61 


0-419 


44492 






»» 1 


15 


20 


12020 


62-61 


3-005 


30501 








tt 


25 


5960 


56-45 


1-490 


17016 






1 


tt 


30 


3940 


48-45 


0-985 


13337 






n i tf 


tt 


35 


2930 


38-17 


0-732 


12600* 








«) 


tt 


40 


2324 


25-1 


0-581 


15646 






1 


tt 


45 


1920 


8-61 


0-480 


39513 






>t 1 ft 


20 


25 


11920 


56-45 


2-980 


34034 






„ 1 M 


)) 


30 


5910 


48-45 


1-478 


19909 






1 

1 ^, 


tt 


35 


3903 


3817 


0-976 


17070* 






1 


)* 


40 


2905 


25-1 


0-726 


19602 






M 1 n 


tt 


45 


2304 


8-61 


0-576 


47992 






1 


26 


30 


11820 


48-45 


2-960 


39804 








tt 


35 


5860 


38-17 


1-465 


25623* 








tf 


tt 


40 


3877 


251 


0-969 


26102 








tt 


tt 


45 


2880 


8-61 


0-720 


59270 








f t 


30 


35 


11720 


38-17 


2-930 


51246 








tt 


)) 


40 


5810 


25-1 


1-453 


39116* 








)) 


)) 


45 


3840 


8-61 


0-996 


79027 








ty 


35 


40 


11620 


25-1 


2-905 


78234* 








tt 


1) 


45 


5760 


8-61 


1-440 


118541 


700 


60 


44 


619 


5 


10 


12180 


50-8 


3-045 


36723 








y) 


tt 


15 


6040 


47-3 


1-510 


17818 








tt 


1 1 


20 


3993 


42-61 


0-998 


14870 








It 


tt 


25 


2970 


36-45 


0-743 


13166* 








1 1 


tt 


30 


2356 


28-45 


0-589 


13641 








tt 


tt 


35 


1947 


18-17 


0-487 


17946 








tt 


tt 


40 


1654 


5-1 


0-414 


51936 








ft 


10 


15 


12080 


47-3 


3020 


37616 



ET&roKA<n!ra um nmnesrsmo apfaiutcs. 



lAitLB Tl—{eontiHuM). 





i 


I 

1 

< 


iiu^m. 


Cooling nter. 


- 1 




J 1 


i i 

till 


1 


£ 


^ 

1 

^ 


,1 




— 


mm. 


■C. c. 


U , 1. 


bio*. 


mm. 


kBcm. 


Lilrei. 




700 


60 


H 619 


10 30 


5990 


43-61 1193 mX 1 J 








t< .• 


.. 25 


3960 


36-45 0-990 


17543 ■ 








.. 


.. 30 


2945 


28-4.5 0-736 


17046* T 










.. 35 


2336 


18-17 


0-534 


21620 










.. *o 


1930 


5-1 


0-483 


60520 










15 no 


11980 


43-61 


2995 


44433 










.. 25 


5940 


36-45 


1-485 


263U 










.. 30 


3927 


28-45 


0-982 


22743' 










.. ! 35 


2920 


18-17 


0-730 


27500 










.. 40 


231G 


6 1 


0-579 


77ica 






\[ 




201 25 


U880 


36-45 


2-970 


52038 




,. 




". M 


,. 30 


58M 


28-45 


1-473 


34115« 




„ 




.. I .. 


.. 3o 


3H93 


18-17 


976 


35965 




., 




t- j >l 


., 40 


2895 


5-1 


0-724 


90826 










25 30 


11780 


28-45 


2945 


68204 










., 35 


5840 


18-17 


1-460 


53801' 










.. 1 40 


3860 


5-1 


0-965 


121059 










30' 3S 


11680 


1817 


2 920 


107603* 










.. , 40 


5790 


5-1 


1-448 , 


181640 










35 1 40 


11580 


5-1 


2-895 ! 


363177 




710 


m 


33 li'is 


5 


10 


12160 


40-8 


3 040 ' 


45661 












15 


6059 


37-3 


1-508 1 


26259 












20 


3986 


32-61 


0-997 


18474 












25 


2965 


26-45 


0-741 1 


18147* 










'.'. \ 30 


2352 


18-45 


0-588 


20997 






,. 




., 1 35 


1943 


8-17 


0-486 1 


40780 










10 15 


12060 


37-3 


3015 ! 


50501 










.. 90 


5980 


32-61 


1-495 


27601 








• ■ 1 .t 


.. 25 


3953 


26-45 


0-988 


24460" 










,. 1 30 


2940 


18-45 


0-735 i 


26247 








-■ ' .. 


„ 35 


2332 


8-17 


0-583' 


48920 








,, 


15 1 20 


11960 


32-61 


2-990 1 


58375 










,. ' 25 


5930 


26-45 


1483 


36322 










.. ' 30 


3920 


18-45 


0-980' 


35106" ^ 










.. i 35 


2915 


8-17 


0-729 i 


51268 ' 










20 25 


11860 


26-4.5 


2-965 


73013 


. J 



THE AIR PBOM WET COKDENBERS. 
Table 72 — (contijinetl). 





i 

I 


Steam. 


C.,i«„..,. 


Air. 


8 i 


E 


S 










a 


s 


1 ' 1 




1 




£ 




e 




■S 


s 1 

^ 1 H 


1^ 


■sS. 


1 


S 


■m 




1 


1 


II 


ii 


1 


1 


^ 




... 


-"■■ 


■0. ] . 


'.. 


/,. 1 kiloB. 


mm. 


kilos. 


Litres. 


710 


50 


38 ; 618 


20 


30 


5880 


18'45 


1-470 


52494' 










35 


3887 


S'l? 


0-972 


81544 








25 


30 


11760 


18.45 


2-940 


104587" 










36 


5830 


8-17 


1-458 


122341 








30 


35 


11660 


8-17 


2-915 


244597 


720 


40 


34-5 ! 617 




10 


12140 


30-8 


3-035 


60457 










15 


6020 


27-3 


1-505 


34404 










20 


3980 


22-61 


0995 


27108* 










25 


2960 


16 45 


0740 


28986 












30 


2348 


8-45 


0-587 


46937 










lb 


15 


12040 


27-3 


3-010 


68809 












20 


5970 


22-61 


1493 


42312 












25 


3946 


16 45 


0-987 


38641* 












30 


2935 


8-45 


0-734 


58690 










15 


20 


11940 


22-61 


2-985 


84565 












25 


5920 


16-45 


1-480 


58134* 












30 


3913 


8-45 


0-978 


79472 










20 


25 


11840 


16-45 


2-960 


116269 












30 


5870 


8-45 


1-468 


117541 










25 


30 


11740 


8-45 


2-935 


234682 


730 


30 


29 


615 


5 


10 


12110 


20-8 


3-028 


89599 












15 


6000 


17-3 


1-500 


54090 












20 


3966 


1261 


0991 


50174* 












25 


2950 


6 45 


0-739 


123277 










10 


15 


12000 


17-3 


3-000 


108180 












20 


5950 


1261 


1-488 


75337* 












25 


3933 


6 45 


0-983 


100065 










15 


20 


11900 


1261 


2-975 


147709 


" 






\[ 




25 


5900 


6-45 


1-475 


150553 








''^ 


20 


25 


11800 


6 45 


2 950 


300605 


740 


20 


21 


613 


5 


10 


12060 


10'8 


3-015 


172126 












15 


5980 


7-3 


1-495 


128929* 












20 


3950 


2-61 


0-985 


179950 










lb 


15 


11960 


7-3 


2-990 


257858 












20 


5930 


2-61 


1-483 


270858 










15 


20 


11860 


2-61 


2-965 


541676 
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Table Ti-~{eoHlinned). M 




a 


1 
1 

< 


s....,. 


Celling wftter. 


- II 


1 

S. 

1 


1 


2 E ■ .• 
2; 3 = 

■1 1 - !• ^ 

llllil 1 


1 




1 




7lW 


60 


"C. 


J. 


f,. 1 /,. 1 kilos. 


mm. 


knos. 


LltTM. 


44 


619 


10 


20 5990 


42-61 , 1-498 


22390 ' 












2o i 3960 


36-45 0-990 


17643 












30 : 2945 


28-45 0-736 


17046' 












35 ; 2336 


18-17 ' 0-584 


2164) 












40 1 1930 


51 1 0-483 


60530 










15 


20 ; 11980 
26 ' 5940 
30 3927 


42-61 ; 2-995 
36'4o 1 1-485 
28-46 0-982 


444t)5 
26314 
22743" 








" 1 ,".' 




35 , 2920 
iO 1 2316 


1817 ; 0-730 
5-1 1 0-579 


27500 ; 

77169 








i'ii 


30 


25 11880 
30 5890 
3a 3893 

40 ! 2895 


36-45 
28-45 
18-17 

5-1 


2-970 
1-473 
0-976 
0-724 


5262a 
34n5» 
35965 
90826 








.. 1 ., 


25 


30 1 11780 
3a ; 5840 
40 1 3860 


28-45 
1817 
51 


2 945 
1-460 
0-965 


68204 
53801' 
121059 










30 


35 1 11680 
40 1 5790 


18-17 i 2-920 
5-1 1-448 


107602' 
181640 










3o 


40 11580 


5-1 


2-895 


363177 




710 


oi) 


38 ■ (il8 


5 


10 1 13160 


40-8 


3040 


45661 








-. 1 .. 




15 ; 6059 
20 1 3986 
25 1 29&5 
30 1 2352 


37 3 
32-61 
26-45 
18-45 


1-608 
0-997 
0-741 

0-588 


25259 
18474 

18147' 
20997 












35 1 1943 


8-17 1 0-486 


40780 








:: ! ;: 


10 


15 12060 
20 5980 
25 3953 
30 2940 
35 2332 


37-3 1 3015 
32-61 1 1-495 
96-45 0-988 , 
18-45 I 0735 
8-17 0-583 1 


50501 
27601 
24460* 
26247 
48920 








.. ' .. 


15 


20 11960 


32-61 1 2-990 1 


58375 








.. 1 „ 




25 5930 


26-45 1-483 36322 








., ., .. 


30 1 3920 


1845 : 0-980 35106* 






" " 1 .'.' 20 


35 1 2915 


8-17 1 0-729 1 51268 








25 1 11860 


26-45 I 2-965 i 73013 


^ 












k. 






1 



THE AIB FBOU WET CONDEN6EB8. 
Table T2— {continued). 



3 
J 


i 

1 


Steam. 


Cooling water. 


Air. 


t 1 

ill 


il 


Il 1 


1 


■f 


1 
> 


mm. 


mm. 


°C. 1 c. 


/.. 


/,. 1 kilos. 


mm. 


kilo«. 


Litres, 


710 


50 


38 618 


20 


30 


5880 


1845 


1-470 


52494" 










35 


3837 


817 


0-972 


81544 








25 


30 


11760 


18.45 


2-940 


104587* 










35 


5830 


8-17 


1-458 


122341 






"• ' " 


30 


35 


11660 


8-17 


2915 


244597 


720 


40 


34-5 1 617 


5 


10 


12140 


30-8 


3-035 


60457 










15 


6020 


27-3 


1-505 


34404 










20 


3980 


22-61 


0-995 


27108* 






1 !! 




35 


2960 


16-45 


0-740 1 28986 | 






'I 






30 


2348 


8-45 


0-587 


46937 


_] 




"^ 




10 


15 


12040 


27-3 


3-010 


68809 


][ 






;; 




20 


5970 


22-61 


1-493 


42312 












25 


3946 


16-45 


0-987 


3864 1« 












30 


2935 


8-45 


0-734 


58690 








„ 


15 


20 


11940 


22-61 


2-985 


84565 












25 


5920 


16-45 


1-480 


58134" 


11 










30 


3913 


8-45 


0-978 


79472 










20 


25 


11840 


16-45 


2-960 


1162G9 


" 










30 


5870 


8-45 


1-468 


117541 










25 


30 


11740 


a-45 


2-935 


234682 


730 


30 


29 


615 


5 


10 


12110 


20-8 


3-028 


89599 












15 


6000 


17-3 


1-500 


54090 












20 


3966 


12-61 


0-991 


50174" 












25 


2950 


6-45 


0-738 


123277 










10 


15 


12000 


17-3 


3-000 


108180 


^_ 










20 


5950 


12-61 


1-488 


75337" 












25 


3933 


6-45 


0-983 


100065 










16 


20 


11900 


12-61 


2-975 


147709 












25 


5900 


6-45 


1-475 


150553 










2(1 


25 


11800 


6-45 


2-950 


300605 


740 


20 


21 


613 


5 


10 


12060 


10-8 


3-015 


172126 






" 






15 


5980 


7-3 


1-495 


128929" 


[[ 










20 


3950 


2-61 


0-985 


179950 










10 


15 


11960 


7-3 


2-990 


257858 












20 


5930 


2-61 


1-483 


270858 










15 


20 


11860 


2-61 


2-965 


541676 
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Table 54. Part I. 

The cooling surfaces, H^ and H^, in sq. m., requisite to condense and 
cool in one hour 100 kilos, of steam at 100" C, 100 kilos, of steam 
at 60° C, 100 kilos, of steam at 40° C, and 100 kilos, of aqueous 
alcoholic vapour at 80° C. (86-3 per cent, by weight). 

The steam enters at velocities, v^, from 1-64 m. The cooling water 
has velocities, ly, from 0*001-1*00 m. 

The initial temperature of the cooling water, t,„ = 10° C. The final 
temperature of the cooling water, t,,^ = 20°-80° C. 

The condensed liquid leaves at 2°-25° C. above the initial temperature 
of the cooling water. 





Steam at lOO*' C. 


(atmospheric pressure), 


c = 537 






Initial 

velocity 

of the 

steam. 


Velocity 
of the 

cooling 
water. 


Final temperature of the 


cooling 


water, /*,. 


20 


30 


40 


1 

50 


60 


70 


" 












1 


Vd 


0001 


Th 


e coolini 
conden 


% surface 
selOOk 


9, i/e> in sq- m., required 
ilos. of steam per hoar. 


Ito 1 


10 


4-29 


4-62 


5 


5-45 


6-20 


6-90 


8-40 




0009 


3-43 


3-69 


4 


4-36 


4-96 


5-52 


6-72 




0020 


2-86 


3-08 


3-24 


3-64 


414 


4-60 


5-60 




0-210 


1-43 


1-54 


1-67 


1-82 


207 


2-30 


2-80 




1-000 


0-86 


0-93 


100 


109 


1-24 


1-40 


1-68 


1-5 


0001 


3-52 


3-78 


4-10 


4-47 


510 


5-66 


700 




009 


2-81 


3-00 


3-28 


3-58 


408 


4-53 


5-60 




0020 


2-36 


2-52 


2-74 


2-98 


3-40 


3-78 


5-34 




0-210 


1-18 


1-26 


1-37 


1-49 


1-70 


1-89 


2-67 




1-00 


0-71 


0-76 


0-82 


0-89 


102 


113 


1-40 


2 


0001 


3 01 


3-27 


3-54 


3-83 


4-40 


4-90 


600 




009 


2-41 


2-61 


2-83 


306 


3-52 


3-92 


4-80 




0-020 


202 


2-18 


2-36 


2-56 


2-94 


3-28 


400 




0-210 


101 


105 


1-18 


1-28 


1-47 


1-64 


200 




1-00 


0-61 


0-66 


0-71 


0-77 


0-88 


0-98 


1-20 


4 


0001 


215 


2-31 


2-50 


2-73 


3-10 


3-45 


4-20 




0-009 


1-72 


1-85 


2-00 


2-18 


2-48 


2-76 


3-36 




0020 


1-44 


1-54 


1-66 


1-82 


2-08 


2-30 


2-80 




0-210 


0-72 


0-77 


0-83 


0-91 


104 


115 


1-40 




1-000 


0-43 


0-46 


0-50 


0-55 


0-62 


0-70 


0-84 
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Table 54. 


Part I. — (continued). 






Steam at 100° C. 


(atmospheric pressure), 


c = 537 


t 






Velocity 
of the 


Final temperature of the 


cooling 


water, /j 


fce* 


iial 
lity 


20 


1 30 


40 


50 


60 


70 


1 80 


he 


cooling 
water. 




1 












m. 
















r 


ty 


The cooling surface, H^ in sq. m., required 
condense 100 kilos, of steam per hour. 


to 


) 


0001 


1-43 


1-54 


1-67 


1-82 


2-07 


2-30 


2-80 




0009 


114 


1-25 


1-50 


1-38 


1-66 


1-84 


2-24 




0-020 


0-90 


102 


1-12 


1-22 


1-38 


1-54 


1-88 




0-210 


0-45 


0-51 


0-56 


0-61 


0-69 


0-77 


0-94 




1000 


0-29 


0-31 


0-36 


0-37 


0-42 


0-46 


0-56 


) 0001 


1-08 


1-16 


1-25 


1-36 


1-55 


1-73 


210 




0009 


0-86 


0-95 


100 


109 


1-24 


1-38 


1-68 




0-020 


0-58 


0-64 


0-68 


0-74 


0-84 


0-92 


112 


0-210 


0-29 


0-32 


0-34 


0-37 


0-42 


0-46 


0-56 


1000 


0-22 


0-24 


0-25 


0-27 


0-31 


0-35 


0-42 


) 0001 


0-96 


1-04 


112 


1-22 


1-38 


1-54 


1-88 




0-009 


0-77 


0-83 


0-89 


0-97 


110 


1-23 


1-50 




0020 


0-64 


0-70 


0-75 


0-82 


0-90 


1-02 


1-26 


1 0-210 


0-32 


0-35 


0-38 


0-41 


0-45 


0-51 


0-63 


1000 


0-20 


0-21 


0-23 


0-25 


0-28 


0-31 


0-38 


) ' 0001 


0-86 


0-93 


100 


1-09 


1-24 


1-38 


1-68 


0009 


0-71 


0-75 


0-80 


0-87 


100 


110 


1-34 


0020 


0-58 


0-62 


0-67 


0-72 


0-64 


0-90 


1-12 


0-210 


0-29 


0-31 


0-34 


0-36 


0-32 


0-45 


0-56 




1000 


0-17 


019 


0-20 


0-22 


0-25 


0-28 


0-34 



lit to ascertain. The efficiency of the condensing surfaces may 
)e taken at about 20 per cent, less than that given in the table, 
ich extent the surfaces should therefore be increased. 

ample. — 100 kilos, of steam at 100° C. are to be condensed and the liquid 
to 15"^ C. The cooling water is originally at 10° and is to flow away at 
The steam enters with the velocity, Ca = 30 ni., the water with tho 
y, Vf = 0002 m. 

order to condense 100 kilos, of steam, (687-100) 100 = 53,700 calorics must 
hdrawn from it. In order to cool 100 kilos, of water from 100° to 15** 
) 100 = 8500 calories must be abstracted. 
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Table 54. 


Pabt 1. — (continued). 






r 


Steam at 100° C. 


(atmospheric pressure), 


c = 637 


1 


Initial 

velocity 

of the 

steam. 


Velocity 
of the 

cooling 
water. 


Final temperature of the 


cooling 


water, tt,- 1 


20 


' 30 


40 


50 


60 


70 80 














Vd 


IV 


The cooling surface, He, in sq. m.» required to 
condense 100 kilos, of steam per hour. 


30 


0001 


0-78 


0-84 


0-92 


1-00 


1-15 


1-26 


1-54 




0009 


0-62 


0-67 


0-73 


0-80 


0-92 


100 


1-23 




0-020 


0-52 


0-56 


0-62 


0-67 


0-76 


0-84 


1-04 




0-210 


0-26 


0-28 


0-31 


0-34 


0-38 


0-42 


0-52 




1000 


016 


0-17 


0-19 


0-20 


0-23 


0-26 


0-31 


36 


0001 


0-72 


0-77 


0-83 


0-91 


1-04 


115 


1-40 




0-009 


0-57 


0-61 


0-66 


0-73 


0-83 


0-92 1-12 




020 


0-48 


0-52 


0-56 


0-62 


0-76 


0-78 


0-95 




0-210 


0-24 


0-26 


0-28 


0-31 


0-38 


0-39 


0-47 




1000 


0-15 


0-16 


0-17 


019 


0-21 


0-23 


0-28 


49 


001 


0-62 


0-66 


0-72 


0-78 


0-89 


100 


1-20 




009 


0-50 


0-53 


0-58 


0-62 


0-72 


0-80 


0-96 




0020 


0-42 


0-44 


0-48 


0-58 


0-60 


0-68 


0-80 




0-210 


0-21 


0-22 


0-24 


0-29 


0-30 


0-34 


0-40 




1000 


013 


0-14 


015 


016 


0-18 


0-20 


0-24 


64 


0001 


0-54 


0-58 


0-63 


0-68 


0-78 


0-87 


1-05 




0-009 


0-44 


0-47 


0-51 


0-55 


0-62 


0-71 


0-84 




0020 


0-36 


0-38 


0-42 


0-46 


0-52 


0-58 0-70 




0-210 


0-18 


019 


0-21 


0-23 


0-26 


0-29 


0-35 




1-000 


Oil 


0-12 


0-13 


0-14 


0-16 


0-18 


0-21 



According to Table 52, the temperature differences for the present case 
e,„r = 58*7° and B.^ik = 27*7°, and the coefficient of transmission, according t^"^^ 
Table 53, is in the first period (condensation) Av = 830, and in the second peric 
(cooling), according to Table 63, A* = 212. 

The cooling surface for the (first) period of condensation is therefore 

^ C 53700 , ^^ 

The cooling surface for the (second) period of cooling would be 

C 8500 



//i = 



= 1*44 sq m. 



if it were all used. 



ki,e,nk 212 X 27-7 
The cooler, however, is to be made in the form of a coil ; th< 



SUBFACE-CONDENSERS. 
Table 54. Pabt I. — {continued). 



Steam a,teerc. 


atean, at 40° C. 






\ 


aruum 


-611m 




Vacuum = 705 mm. 




Velocitv 




'' 


561. 






"'"■ 


1 




e of the cooling water, f^. | 


'y 


otthe 










1 


















'■ 


waler. 


20 


30 


40 


50 


SO 


30 


95 






:ooiiiig 


attaue. 


H^ in sq. m.. re 


quired to 


~ 


,-, 




ccndea 


iie 100 kilo«. at Btaampe 


rhour. 




0-001 


4-05 


4-68 


5-30 


7-14 


6-76 


10-20 113-42 


1 0009 


3-24 


3-90 


4-20 


5-85 


5-41 


8-16 |10-73 


0-020 


^■70 


3-12 


3-e8 


4-76 


4-52 


6-80 ' 8-96 


0-210 


1-35 


1-56 


1-S4 


2-38 


2-26 


3-40 , 4-48 


' 1-000 


0-81 


0-94 


1-10 


1-45 


1-36 


2-04 ! 2-69 


1 0-001 


2-70 


3-13 


3-70 


4-76 


4-51 


6-80 1 8-95 


0-009 


2 16 


2-50 


2-96 


3-81 


3-61 


5-44 1 7-16 


, 0020 


1-80 


2-10 


2-48 


3-18 


3-02 


4-54 1 5-98 


; 0-210 


0-90 


1-05 


1-24 


1-59 


1-51 


2-27 2-99 


1 i-ooo 


0-54 


0-63 


0-74 


0-96 


0-91 


1-36 1-79 




0-001 


2-03 


2-34 


2-75 


3-57 


3-38 


5 10 ' 6-70 




0-009 


1-63 


1-87 


2-20 


2-86 


2-71 


4-08 1 5-16 




0-020 


1-36 


2-56 


1-84 


2-38 


2-26 


3-40 4-46 




0-210 


0-68 


0-78 


0-92 


119 


1-13 


1-70 , 2.23 




1-000 


0-41 


0-47 


0-55 


0-72 


0-68 


1-02 ! 1-34 




0-001 


1-62 


'1-88 


2-22 


2-86 


2-71 


4-08 1 5-37 




0-009 


1-30 


1-50 


1-77 


2-31 


2-19 


3-26 1 4-30 




0-020 


1-08 


1-26 


1-48 


1-92 


1-86 


2-72 , 3-58 




0-210 


0-54 


0-63 


0-74 


0-96 


0-93 


1-36 i 1-79 




l-OOO 


0-33 


0-38 


0-44 


0-58 


0-55 


0-82 1 1-08 




0-001 


1-36 


1-57 


1-86 


2-38 


2-26 


3-40 1 4-48 




0009 


1-09 


1-26 


1-51 


1-90 


1-81 


2-72 . 3-59 




0.020 


0-92 


1-06 


1-24 


1-58 


1-52 


2-28 1 2-98 




0-210 


0-46 


0-53 


0-62 


0-79 


0-7B 


114 1-49 




10(K) 


0-27 


0-32 


0-38 


0-48 


0-46 


0-68 0-90 



mrtacB muat theielore Iw inc 
vtliird is really active, Tlic 



atiil aitrliwp is therefore 
4-S2 = 5 45Bq. m. 
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Table 54. Part I. — (continued). 



Aqaeoas alcohol vapour at 80° G. (80*3 per cent, strength by weight := 90 

per cent, by volume). 


Initial 
velocitv of 
the vapour. 


Velocity of 

the cooling 

water. 

0-001 


c = 252. 


Final temperature of the cooling water, /|,. 


20 


30 


40 


50 

1 


60 


70 


Cooling surfaces, if^, in sq. m., required to 
condense 100 kilos, of vapour per hour. 


1 


1 
2-60 , 303 


1 
3-33 


1 
3-87 


4-59 


618 




0009 


208 


2-42 


3-66 


311 


3-67 


4-95 




0020 


1-74 


202 


2-22 


2-58 


3 06 


4-12 




0-210 


0-87 


101 


111 


1-29 


1-53 


206 




1-000 


0-52 


0-61 ; 0-66 


0-78 


0-92 


1-24 


2 


0-001 


1-84 


215 2-36 


2-74 


3-25 


4-38 




0-009 


1-47 i 1-72 1 1-89 


219 


2-60 


3-50 




0-020 


1-24 1-44 1-58 1-84 2-18 


2-98 




0-210 


0-62 : 0-72 0-79 092 109 


1-49 




1-000 


0-37 ' 0-43 i 0-48 055 0-65 ' 088 / 


4 


0001 


1-30 1 1-57 1-67 ' 1-94 230 


309 




009 


104 1-26 ' 1-34 


1-55 1-84 ' 2-47 


1 


0020 


0-88 


106 1 112 1-30 ; 1-54 


206 


1 
1 


0-210 


0-44 


0-53 1 0-56 1 0-65 077 


1-03 \ 


1 

1 


1-000 


0-26 


0-32 i 0-34 0-39 i 046 . 062 \ 


6 


0-001 


104 


1-21 1 1-33 


1-55 1-84 


2-47 1 




009 


0-83 


0-96 1-06 


1-24 1-47 


1-97 




0020 


0-70 


0-82 


0-90 


106 1-24 


1-6S 




0-210 


0-35 0-41 1 


0-45 


0-53 0-62 


o-sa 




-1000 


0-21 0-24 


0-27 


0-32 ' 0-37 


0-5O 


9 


vrOOl 


0-87 101 


111 


1-29 1-53 


20S- 


! 


0009 


0-71 


0-81 


0-89 102 ' 1-22 


l-65b- 




v)020 


0-58 


0-68 


0-74 


0-86 104 


1-38^ 




0-210 


0-29 


0-34 


0-37 


0-43 i 0-52 


0-6^^ 


1 


1-000 


0-18 


0-21 


0-22 


0-26 0-31 

1 


0-42- 



In the practical construction of apparatus the original temperatur" ^ 
of the water is frequently unknown, and also several other conditioxB> ^ 



fOOLIXfi SUItKACES. 



Table 54. Part II. 



The cooling surfaue. lit, for cooling 



too kilos, of condenaed 

utuam at GD° C. (611 
mm. vHcnum) per hour. 



TcmperSilure diQcTKUce between ioitial temper&Cur 

of the cooling water and final temperature 

of llie L'ondeused liquid. 



5° 10^ 16^ 



25= 2° 5° 10° 1S° 



Cooling surface in sq. i 



701 



1-521-150-020-80 0' 
1-21 0-92 0-73 0-S40' 56 
1-06 0-81 0-64 056 0-49 
O'650-480-40 0-35O-31 



O-eO'O-ie 0-34 0-28(>24|0-21 



601180-83 0-63p-50 
1 'as 0-95 0-66 0'54 0-40 
ia20-830'58 0-44p-35 
0'69 0-61 0-36 0-27P' 
0-48 0-35 0-250'19p-15 



0001 
0009 
0020 
0-210 

1-000 



lOU kilos, of CO II den Med -teuii 
al 40° C. (71^ mm. 



100 kilos, of condensed 

IUIUI30UH alcobol at 

m- (.'. {m-S per cent. 

hy weiglit). 



Cooling surface in ni). i 



1-400-900-560-36 
M20-720'450-29 
0-98 0-fi30'40 0-25 
O'OO 0-39 0-24 0-1 6 
D'420270'160-11 



1'070'80 - 
0-86!0'64 - 
0'750'56 
0-46 0'35 - 
0-32P-24-- 



initial tempemture of tlie cuoling water is taken at (», = 10° C. 
ie cooling surfaces hold good only for snrfores fntirrly ii-i-IUil. In the cose 
al tubular coolers these Kurf aces must be at least doubled, in worm coolers 
St be ac leant trebled. 
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cannot be exactly estimated beforehand ; it is therefore necessary to 
make allowances for these uncertainties. The following assumptions 
appear to be quite reasonable : — 











Aqueous 1 






Steam. 




alcohol 1 










vapour. 




The vapour to be condensed 












is at 


100° 


60° 


40° 


80° 


It enters the coohng coil with 










the velocity - - t^ = 


30-50 


40-60 


45-65 


4-5 m. 




It enters the tubular cooler 












with - - - Vrf = 


20-30 


20-30 


25-35 


2-3 m. 




The velocity of the water should 












be as great as possible and 












at least - - - v^^ = 


0001 


0001 


0001 


0001 m. 




The initial temperature of the 












water is taken at - t^^ = 


10° 


10° 


10° 


10^ 




The final temperature of the 












water is taken at - tj^ = 


70°-80° 


40°-50° 


30° 


60° 




The condensed liquid is cooled 












down to - - ' ^we = 


15° 


15° 


15° 


12° 





For the sake of convenience in making similar calculations two 
other tables are given, the first of which, Table 55, contains the 
weights of steam at 100°, 60°, 40° and 35° C, and of alcohol vapour, 
ether vapour and air, which pass through pipes of 10-100 mm. dia- 
meter in one hour with a velocity of 1 m. per second. At any other 
velocity, r^, the weight of vapour passing is Va times as great. 

The second Table, 56, gives the quantity of water which rises in 
one hour with a velocity of 0001 m. in vessels of 300-1250 mm. dia- 
meter. If the velocity be V/i the quantity of water is v^^ times as 
great. If the quantity of water and the diameter of the vessel are 
known, Table 56 gives the velocity, v^y 

(d) Estimation of the DimetisioTis, d and Z, of the Cooler Tubes. 

As with evaporator tubes (Chapter VIII., Table 13) so also with 
condenser tubes, in which vapour is to be liquefied, it is necessary to 
calculate not only their cooling surface, H^, but also the actual 
measurements, i.e., to estimate their length and diameter, since too 
long tubes would be inactive at the end. 



SURFACE-CONDENSER TUBES. 



weight of steam, in kilos., which paesea through tubes of 10-100 
a. in diameter in one hour at the velocity, Vj ■■ 1 m, per second. 



Jte&m. 






a«- 


Tam- 














nns. 




10 


l.-i 


ao 1 25 80 85 40 60 60 70 


m 


90 


100 


». 


"C. 
















1!M 


>*H 


<w 


■> i8 5 


SO-fi 


aa-9 


4fl-9 


1 


138 


mt 


m 


89 


ih'-i 


12-7 


H)-0 




lai 


I'l-iH 


I'M 


6 


j»i-H 


Vti-H 


fH-t) 


i 


112 


i-ih 


)W 


3 


r,M 


Wl-H 


V,Vll 




100 


117 


IKM 


»ii 


(I'D 




n^l 




60 


HM 


)UK. 


1 t 


■i-HC 


3-(ll 


H-ia 


171 


50 


y\m 


}D5d|0OUSD 1 i 


V5( 


IW 


^■M- 


m 


40 


you 


■)m 




0-4f 


1-n 


l-4i 


'3ib 


3S 


)-01l|O-015|0 019|0-O 5* 


072 


u-yi 


1-11 








The weight of the vftpoiir of aqueous alcohol. 


1 


BCP 


0-39 I0-8S 


1'55 l2-40,3-50|4'806-25|10'0 lU-0 |19-0 125-0 !81-8 |39-0 
The weight of uther vapour. 


1 


87-5' 


0-8O il-70 


3-10 |5-00,7-00|9-GO|ia'5|20-0 130-0 |*l-0 |53-0 IG6-U |e2-0 
The weight of air. 




15' 


D-35 p-7S 


1-3H 2-l(l3-ir4'ai5-54l e-G5|12-5 IG-9 j21-l 28-0 34-6 



'he weight of water, W, which rises in one hour at the velocity, 
V, - 0-001 m., through vessels of 300-1250 uiiii. diameter. 



tmeter of Tassel - 
light of water, W 


800 
262 

900 
1800 


350 
345 

850 
2042 


100 

900 
2289 


450 
672 

950 
2520 


500 
705 

1000 
2820 


550 

865 

1050 
3117 


600 
1017 

1100 
3420 


650 
1194 

1160 
8738 


700 
1385 

1200 
4068 


750 
1590 

1250 
4417 


imeter of vessel - 
tight of water, W 



Prom the condition, that the quantity of heat given up by the 
ienser tube to the cooling water in unit time must be equal to 
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the heat of evaporation (or condensation) of the vapour introc 
we obtain the equation : 

Hxe„^=^^^v,^mky 

Inserting the values of H^ and k^^ we obtain 

dirl 750 Jv^ Vomi + TV 0^ = ^v^ 3600cy, 
from which 

^ _ 1 .o ^r ^ 



^= 1-2^ 



d 0^ ?/0007 + v, 

From this equation, the most advantageous proportion c 
length to the diameter of the condenser tube may be calculate 
each special case. 

The great number of possible variations, due to the many va 
factors, compels a restricted choice of the cases to be treat 
tabular form. 

In Table 57 are arranged the ratios of the dimensions c 

*^ T, calculated by means of equation (205), for the condeni 

of steam at 134°, 121°, 100°, 60° and 40° C, and alcohol vapc 
80° C. (86*3 per cent, by weight = 90*4 per cent, by volume), ' 
enter the tube with velocities, v^ = 4-64 m., for water velocitie 
= 0001 -3 '0 m. and mean temperature differences, 0^ = 10°- 70°. 

The following is the method of using the table : After fixir 
desired entrant velocity of the steam, 1?^, the suitable diameter ' 
tube is obtained, for the quantity of steam to be condensed, 
Table 55 by a slight calculation. Table 52 gives also the tempe 
dififerences in both periods (condensing and cooling) for the I 
or assumed initial and final temperatures of the cooling 
Table 57 gives-'.from these the proper ratio of the length of th( 
to its diameter. 

The size of the resulting surface of condcjuation, H^, may tl 
calculated from the dimensions of the tube. 

The surfaces, H^, required for cooling may be taken direct 
Part II. of Table 54 and multiplied by 2 or 3 before use. 

All these assumptions and tables are for copper and brass 1 
for those of iron or lead the additions, already frequently ment 
must be made. 
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Table 57. 

_, length of pipe / 

^"^ '*'"^' diameter of pipe " d' °^ ""PP*"^ coiideitaing pipes {coils) for 
Bteum at 134°, 121°, 100°, 60°. 40" C, and aqueous alcohol vapour 
at 80' C. (86-3 per cent, by weight), when the vapour enters at 
velocities of Oj = 1-64 m. and the cooling water has veloc-ities 
of IV = 0-001-30 m., with temperature differences l>etween 
vapour and cooling water of 0„ = 10"-70° C. 





Vi 


Steam at 121' C. 






S S 


Hicum a 


134 


c. 1 


~A 




{i alaiiB.. aba.) 




„- 




(9 atmofi. abs.) 1 




Velocitj- of steam o 






Velocity of stenm on | 


s 




entering, i'^, in TO 




11 


2 = 


Milflring, 


fd. i 


111, 


l-- 


Jl 






II 


















'' 


*•* 


4 , 9 1 10 1 25 3G 1 W 


04 


> J 




4 9 16 25 


36 


49 , 04 




»~ 


1 1 1 


1 
I 

ir 




m. 


»» 


1 1 . 




1 


., 


'C. 


Ruiio 


°C. 


Ratio, ^. 


<j-m. 00 


' 1 1 
f-J, (NJiliOlSOjlSOSlO 


240 


0-020 


90 


88 


It"' 174,220 


264 


1 
H08 S60 




*l 


i;7'ioj,i3i;i7tJja>iM:)s 


270 




80 


98 


146.198 244 










7f.|)ljll51190|228 26C 


908 




70 


112 


168,2241280 


3 


1 150 




1*1 


'.H-|llM(M>*0 233l-270314 


360 




00 


n 


1 J 64 ^il 








Wl 




432 




A) 


1 ^ 




J 




!; 






540 
72U 
1080 




10 
W 
20 






ti 




9 4 








wiin 


wl 


»i\ ;•!' IJX| HSillWll'J 


120 
135 


0'210 


JO 

80 










70 


m 


67 


77 






164 




70 










GO 


a 


6a 




HI 


Ia5jl57 


ISO 




a. 






W 




SO 


51 


81 




13S 


162189 


216 




50 






5 




V) 


68 


101 




170 


203238 


270 




40 






U 




no 


90 


135 




lib 


^0315 


360 




JO 


3 S 




4 26 




■2a 


135 


205 


270 


t33 




540 




20 


1'}7|295 3I4 4J( 




686, 89 


i-oo 


w 


18 


27 


30 


45 


54 G.^ 


72| 


1-00 


(0 


U>\ 3U| 521 5 




Jl 106 




80 


20 


.to 


40' 


60 


60l 70 


81 




80 


"j' 4 1 




' iia 




70 


39 


34 


ta 


66 


091 RO 


03 




70 


1 




ns 




60 


27 


40 


54 


67 


8l! 94 


108 




« 










60 


.13 


60 


(15 


82 


99 


116 


129 




50 






9 




40 


40 


60 


81 


100 


120 


UO 


162 




40 






c 




SO 


54 


81 


108 


135 


162 


189 


21( 




•w 






s 




ao 


81 


121 


102 


205 


243 


28,H 


324 




20 


18 


7 




-1 47J 


'oo 


90 


10 


IS 


21 


25 


30 


35 




3'00 


90 


19 


2^- 


17 


47 


67 


66 


7! 




80 


12 


18 


24 


30 


m 


42 


48 




80 


1 


31 


42 


52 


a.i 


71 


M 




70 


U 


ai 


28 


36 


42 


49 


5S 




70 


24 


86 


47 


eo 


72 


81 


94 




00 


16 


24 


82 


40 


48 


56 


64 




00 


27 


40 


64 


07 


81 


M 


109 




50 


19 


28 


38 


47 


57 


68 


76 




j< 


93 


50 


66 


82 




115 


131 




40 


21 


36 


18 


60 


72 


84 


95 




4 


41 




82 


2 


12' 


143 


165 




80 


93 


48 


64 


80 


96 


112 


127 




10 




82 


110 


ld7 


165 




19 


,„_ 


20 


47 71 


95;il7 


■" 


104 


19d 






8. 1-^1 ry. 


* 


2K 
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Table 57 — {continued). 



"I li 


Steun at lOD^ L' 


i'ii 




Steam at 60' C. 


VelDcitT of lb 




1% =s 




Velocity ol steun on 


?nl«Tiiig. r* 


io in. 




S'§ 




entering, c* in m. 


11 11 






fj 
II 


II 






4 9 16 25 


36,49'64 


4 


9 16 las 


36 49 61 


r. ,•- 


1 ■ 


i 


•■/ 


*- 










R»tio, 


f 


„. 


'C. 


lUtio, ^ 


0001 


70 


55-7;82-6;ni'l^« 


166ll95 ^220 


0-001 


50 


Ts 


26 


36 


44 


53 


62 


71 




€0 


65 


97 130162 


195|227 260 




40 




33 


44 


55 


67 


78 






60 


78 


117 1156195 


234^3 3li 




30 




44 


59 


74 


88 


103 


lis 




40 


97 


1*6 1194243 


282)340 390 




20 


44 


AG 




110 


133 


145 


m 




M 


130 


195 1260325 


^90:456 620 


0009 


50 


14 


31 


2S 


36 


43 


50 


57 


0<I09 


70 


44-6 


67 1 89'111 


133166 I7S 




40 


18 


26 


35 


44 


53 


62 


71 




eo 


52 


79 '104130 


156^133 208 




30 


24 


35 


47 


59 


70 


83 


94 






62 


93 il25|I56 


187 218 249 




20 


35 


&S 


71 


89 


106 


124 


4i 




40 


7S 


117 156il96 


234-373 312 


00-20 


50 


12 


18 


2* 


30 


34 


41 


47 




30 


102 


156 1208,360 


912 364 416 




40 


15 


22 


30 


87 




52 


SB 


ooao 


70 


37 


55 74! 93 


117,130 14* 




30 


20 


30 


40 


50 




69 n 




60 


43 


69 86'lOe 


ISO'lSl 


173 




■30 


30 


44 


58 


74 




104 U8 




50 


sa 


78 llOl.lSO 


I561S2 


20( 


0-210 


90 


6 


9-1 


12 


15 


17 


ao^u 




40 


64 


97 1130,162 


195 227 


260 




40 


76 


11 


16 


18 


23 


26 M 




30 


87 


130 :n3'216 


259303 


346 




30 


10 


16 


20 


25 


30 


35 40 


0-210 


70 


19 


28 1 37, 46 


55. 65 


75 




20 


15 


32 


30 


37 


44 


52 59 




60 


22 


33 1 44 55 


60 77 




1000 


50 


3-6 


6-3 


7'1 


9 




12 14 




50 


M 39 52 65 


78 91 


104 


1 *> 


4-4 


6-7 


a'9 


n 


13-3 


15-5, 17'7 




40 


Sa '; 49 ■ 65 Bl 


97114 


130 


30 


B 


9 


1-2 


15 


17 


20 SI 




.SO 


44 l>5 R610R 


130152 


llA 


20 


8'9 


13-2 


17-7 


22 


27 


3l|3i 


1-000 


70 
60 
60 
40 


11 1 16 -li 28 
13 1<J 26 33 
16 23 1 31 39 
20 29 39 49 


34 40 I 45 
39 46 52 
47 65 ' 62 

59 69 ,70 
















1 30 


26 1 39 1 52 05 


78 91 104 


















3000 ; 70 


9 1 12 10 20 


24 28 1 32 


















60 


9 ;i3-5' 10 2-3-5 


27 31-5 36 




















50 


11 16 , 21 27 


32 38 43 


i 


















10 


17-51 20-5' 27 34 


41, 48 65 


1 


















BO 


IR 27 1 aG 45 


54, 63 72 



















In the case of oily substances, or of steam which is briDgiog oily 
substances with it, the calculated heating surfaces must be approxi- 
mati'ly doubled for practical use, because oily matter sticks to the 
walls and considerably diminishes the conduction of faeat. 

The figures apply only to pipes of circular section, which are 
generally used ; for pipes of other sections different values must be 
taken. 
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Table 57 — {continued). 











Aqueous alcohol vapoar 




H 


Steam at 40° C. 


. 


£g 


at S0° C. - 86-3 per 
cent, by weight = 90 
pt>T cent, by volume. 
Velot^ity of vapour on 




IJ 


Velocity of steam oi> 
entering, i-j. iu m. 


=1 






ll 




11 


A 


entering, i-d, in m. 




















a- 


■1 9 16 


25 


3G 


49 


" 




f« 


12 4 6 9 


16 




°c 


HMio, i. 


^ 


-c. 


Katio, ^. 


[ 


30 


12 


IS I 24 


30 


36 


42 


4S 


o-ooi 


60 


30-7 


43 


Gl! 74 92122 




20 


IS 


27 


36 


45 


54 


63 


72 




60 


37 


52 


74I 89:111148 






24 


36 


46 


60 


72 


84 


S6 




40 


46 


65 


9:J 111138 184 


10 


36 


64 


72 


90 


108 


126 


144 




30 


61 


85 


122146'183 244 


a 80 


9 




19 


23 


28 


33 


37 




20 


92 


124 


lfi4'lilfl|:i76j3G8 


■20 


14 


21 


28 


35 


42 


49 


56 


0009 


GO 


-2-ir 






1 15 


1» 


28 


37 


46 


56 


65 


74 




50 






:,-. <,'< HTjic 


1 10 


iS 


42 


-56 


70 


a* 


swt 


112 




40 








Q 30 


a 


12 


16 


20 


24 


27 


ai 




30 






■.i-.Hi71-i7 196 


, 20 


12 


lAl 24 


30 


35 


41 


47 




20 


74 




1-1S17H,J22'296 


1 16 


16 


24 1 32 . 40 


48 


56 


64 


0'020 


60 


205 


29 


ill 50 




82 


10 


24 


!15 1 47 1 59 


71 


83 


94 




50 


24-6 


34 


49 59 


74 


98 


D 30 


4 


G j S i 10 


12 


14 


16 




40 


30-8 


43 


62 74 


92 


123 


20 


6 


U 1 12 1 15 


IS 


21 


24 




30 


41 


58 


S2 99 


123 


164 


15 


B 


12 1 16 


20 ' 2-4 


2S 


33 




20 


61 


86 


122!l46 




244 


10 


12 


19 24 


30 1 36 


42 


48 


0'210 


60 


10-2 


l& 


201 25 


31 


41 


Ji SO 


2-3 


H-6 4 '6 


6 7-0 


8-a 


g-a 




50 


ia-3 


17 


25I 29 




49 


30 


3-5, 5-Sl 7-1 


8-9 10-6 


12-S 


14-0 




40 


15-3 


21 


Sl\ 30 




61 


15 


47! 71' 96 


11 ■8,14-2 


16-S 


19-0 




30 


20-4 


20 


4ll 49 


61 


9! 


10 


71 10-6|l4'2 


17'7I 19'a 


24 '8 


28-4 




20 


30-6 


43 


61 74 




122 




1 
1 


1 
1 






1000 


60 
60 
40 
30 
20 


61 

7-4 
9-2 

12'3 
lS-4 


8-5 
104 
J 3-4 

17 

2C 


12 151 Ifl 
15 is: 22 
18 22I 28 
25 29 37 
37 44 55 


24 
29 
37 
49 
73 



e about 40 ni. and the 



Ej-iimjiIf.—3O0 kiloa. ol steani at 100° C. a 

-ed water cooled down to 20° C, by mean 

, 10= to 70°. 

rho velocity at which (he ateam eaten U taken 

ard velocity of the cooling water to be 17 - 0-001 m. 

AccordinR to Table 65, 300 kilos, of steam paKa through a pipe of 65 lum. bore 

ic hour with a velocity of 42 m. Thua the bore of the tube is fixed at 65 mm. 

Table 52 Hhowa that, uujcr the conditiouH given, the mean temperature 

rencc in condensing, 0.,r = 625°, and in cooling, 6^ ^ 34'3°. 

It then follow* from Table 67 (by interpolation) that . = 242, henee Iho 
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Table 58. 

Examples of the dimensions of co.ndensing and cooling tubes of 1 
mm. diameter, for steam at 100°, 60"*, 40**, and aqueous a] 
vapour at 80" C, for velocities of 40-20 and 2 ra. respecti' 



Diameter of tube, mm. 


1 : ; 1 1 

10 15 1 20 25 30 35 ' 40 50 60 70 80 

i 




Steam at 100^, entering with the velocity, v,i = 40 




\\ ater heated from 10' to 70 ; velocity of water, ly = 




Condensed liquid at 15-^ : fl„. = 52•5^ e„a = 27*4°, ^^ = 


Steam condensed by 


CopiKjr coils. 


1 








tulM? per hour, kilos. 


6 8015 2 27-4 403 615 840 109 171 


246 


339 


438 


For con- \ length 


2-.S5 8-52 4-70 5*87 700 S-21 U 88 11-7 


14-3 


16-4 


18-8 


densation j sq. m. 


07 01(V50-21».5 0-4r> 0-5^> 100 1-17 184 


208 


8-79 4-7( 


Forcooliug }i-«:^' 


lO-o ir)0 21-5 240 880 8G() 400 .50 
0-80 0-(il» 1-88 1-84 814 884 4 97 7-80 


600 
11-2 


710 
15-5 


800 
200 


Total length of tube, / 


130 18-5 26-7 29 8 40*0 442 49 5 620 


745 


87-4 


98-8 




Steam at 100^, entering with the velocity, rj = 20 




Water heated from 10^ to 70^ ; velocity of water, ?> = 




Condon>ed liquid at 15 : $.,.. = rr2-ry', e„K = 274', . ^ 




Vortical cooling tubes. 


Steam condensed bv 


- 


tubeperliour, kilos. 


3 4 7-6 13-7 20 2 30 8 42 545 855 123 169 219 


For con- \lengtii 


l-7() 2-8r) 8-40 405 510 575 80 S.WlO-i U\) 180 


densrttioii f s<i. m. 


0052 Oil 0-22 ()-81 ()-5l 001 085 1-88 MH 200 8-8s 


1 

rk I- \ leiigtli 


4(X) 4-8() 0-8() 8-0(M0() 11-81 180 108 20*0 282 204 


Forcoolmg j-^^^ ;^ 


012 0-28 0-42 002 01)8 1-20 1-04 258 8 7 5*08 05^ 


Total length of tubj, / 


5-70 71510 2 191 151 176 19 8 250 302 ,35-5 404 




Steam at (X) , entering with the velocity, v., = 40 i 




Water heated from 10 to 40* ; velocity of water, iv ^ 




Condensed li.iuid at 15^ e.„r = 81 -7^ O.nK = ll>-2-, ^^ - 




Vertical tubes. 


Steam condensed by 


— 


tube per hour, kilos. 


148 3-331 5 70: 9 20132 17 2 '23*6 |37-2 522 |71-6 974 


For con- ^ length 


0-95, 1-48| J DO 2-88 285 888 8-80; 4-75i 570 OC^i 7'0<: 


densation I scj. ni. 


008 007, 012, 018 028 0-87 0-45,' 0-741 lOO' 1-4G 1-9C 


For cooling |'""«"' 
'^ / sij. m. 


110 1-75, 2-20| 2-80 8-20' 4001 440 560 600; 7*70 8-8C 
0084 008 013| 0-22 080 041' 055' 0881 1-281 1-68 2-2'J 


Total length of tube. / 


205 318 410 518 6 05 7 33 820 1035 

1 .' ! 


12*3 14 4 ,66-4 



DIMENSIONS OF SURFACE-CONDENSERS. 
Table 58 — (continued). 



condensed by 
TBI bouT, kilos. 
I- ) leugth 

Katioa j a}, m. 

""» }'st: 

mgtli oE tabe, / 



10 15 20 j 25 , 



. 35 1 40 60 60 , 70 I 80 . 90 I 100 



J 



Steam at 60°, entering nUh the velocHy, rj = 20 in. 

Water ho»ted from 10° to iCf ; velocity of water, t> = 0001 ni, 

Condensed liquid at 15°; e„, ^Sl-T", S,»t= 13-2°, j = 65. 

Vertipol tubes. 



071. I'66 286 4-62 660: 8-6411-8 186 26'6 '35-8 47 

O'SSi 0-97, 1-HO IGH l-9a' 'J-il 2-0 3'25 3'iK)' ■" '" 

O-ftJ 004 0-08' 0-12 0-19 0-25 0'33 0-51 O'T.S 

0-55 0-88 MO 1-40 1-00| 2-00 2-2o! 2-MO H-.10 

002 0-04 007 O-ll- 0-16: 021 0-281 0-44 7.1 

1-20: 1-85 230 300, 355| 427 480 605 720 



■2 160-0 173-2 
!0; 5-a5| 6-5C 
57' I -ml -ItK 



Steam at 40°, entoriDg with the velocity, r,, = 20 m. 

^-atiT heated from 10* to 30° ; velocity of water, i> -= 00! n 

Condensed liquid at 15° ; 9„ = 18°, S-i = 18-7°, -■ = 45. 

Vertical tubes. 



coiidciiiicd by 
per hour, kilos. 
■u- llength 

oiiag y^^^ 

engtli of tube, / 



65 1-15 1-80 2'&o! 3-50 4-60i 7-2o|lO'0 14-0 lO'l !23'4 
0-64' 0-90 1-10' 1-35' l-5fl 1-80, 2-25! 2-70I 8-151 3-GO 4-05 
0-081 0-060-08Ti 0-131 0-17 0'25 0-35| O-SOi O'SO; 0''J0 
0'26l 0'34 0'42| 0'4S. O'GO' 0*70 0'83| I'OOl l-20' l'40l 
0-fll2,0-02r0-032 0-045'0-0(i;H O-OAI, 0-13 O-lfii 0-2C, dM 

O94I 1-24 1-551 1-83; 218 250 305 3-70 435 500 565 



■ting with the velocity, r,( .= 
elocity of woier, ly - 0001 n 
lennod liquid at 12°; e.„. = fiG-iy, «,* = i7■4^ ^ = 75. 



1U1 alcohol va^iour a, 
atcT hvated from 10' 



0-78 176 310 4-80 70( 



» 12 5 ,200 280 380 500 63-6 ' 78 
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length of pipe for the condensation is / =: 0*065 x 242 = 15'7d m. and the con- 
densing surface Ht = 3*21 sq. m. 

According to Table 54, the cooling surface must be if^ = 3 x 8 x 1*15 = 10*50 
sq. m., i.c*., a pipe of 65 mm. diameter must be 50*8 m. long. The whole con- 
densing and cooling pipe has therefore a length of 15*73 + 50*8 = 66*53 m. and a 
surface of H^ = 3*21 + 10*5 = 13*71 sq. m. 

Since it is impossible to unite all cases, some important ones, 
chosen from the great number, are alone given in Table 58. 

Observations. — Several experiments, calculated out, are now given. 



Weight of vapour, D, condensed 
per hour - - kilos. 

Oily matter ccmried in the \*apour 

kilos. 

Temperature of the vapour on 
entering . . . . 

Temperature of the condensed 
liquid 

Material of the cooling surface - 

Number and diameter of the tubes 
Initial temperature of the cooling 

water 

Final temperature of the cooling 

water 

Volocity of the cooling water v, 
Actual oooling surfiue- sq. m. 

Cdlculotion. 

Calories to be abstracted in con- 
densing 

Calories to beabstracte<l in cooling 
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Calculated cold surface sq. m. 
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(a) The exterior surfjwes of the tubes. 

(b) The upper figures, 13310, 5540, 6864, are the numbers of calories to be 
abstracted from the water, the lower figures, 2000, 8476, 860, the calories to be 

abstracted from the oil. 
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2. Closed Surface-Condensers with Air Cooling. 

In certain rare cases the condensation or cooling is effected by 
means of air instead of water. The air is then driven over the 
cooling surfaces by artificial means (fans) or by a natural draught. 
In both cases it is in the first place necessary to know the quantity 
of air required to abstract a definite amount of heat, so that the 
dimensions of the fan and flues may be determmed. 

Let L be the weight of the air in kilos., a-i =■ 0*2375 its specific 
heat at constant pressure, which is in this case always that of the 
atmosphere, ^^ the initial and t(^ the final temperatures of the air, C 
the heat, in calories, to be transferred, then 

L^ .. ^ . . (206) 

Thus there are required, in order to take up 100 units of heat,. 
from or by the air, if it is to be cooled or heated through 

20'* 30" 40° 50° 60° 70° 80° 90° 100° C. 
21-05 1403 10-52 8-42 701 601 525 4-68 4-21 kilos, of air. 

The volume of the dry air, when the pressure remains constant- 
(which is the case here), depends only on its temperature. 1 cub. m. 
of dry air at 0° C. and 760 mm. pressure weighs 1*293 kilos., thus 
under these conditions 1 kilo, of air occupies a space of 

1000 



1-293 



772 litres. 



a. = 



The increase in volume of the air is proportional to the increase 
in temperature, measured from absolute zero; 1 kilo, of air at the 
temperature ^,^ thus occupies a space of 

Example. — At 60** C. and 760 mm. pressure 1 kilo, of air occupies a space of 

In Table 59 are given the volumes, a„ in litres, calculated by 
means of equation (207), occupied by 1 kilo, of dry air, at the normal 
baxometric height of 760 mm. and various temperatures from - 20" 
to 400** C. Now, atmospheric air always contains some water vapour 
15° C. about 0-5-1 per cent, of its weight. The specific heat of 
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Table 59. 
The volumes, a,, of 1 kilo, of dry air at the normal barometric I 
of 760 mm. and at temperatures from - 20° to 400° C. 
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When the bai-ometer is at 740 imn. the voliitiie of the air is 
3 per cent, hirfier, at 780 mm. the volume is about 3 per cent. 1 

water vapour is rr,, = 0-475, about double that of air, but the 
quantity of vapour in the air causes such a slight increase 
amount of heat required to raise its temperature that we may r 
it in the present case. 

The transfer of heat between air in motion and a metal t 
(lieating surface) ina\' be expressed by the following eqi 
accoiding to tlio results of the researches of Joule and Ser a) 
work of Molier : 

k,= 2 + l0j7, 
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h Vj is the velocity of the air in m. per second. Thus the 
surface, //„ necessary for the transference of the quantity of 
in the time, z,^ (in hours), with the temperature difference, 0^, is 

H, = -^ = j=.- .... (209) 

state of rest, or of motion over the heating surface, of the vapour 
r to be cooled is not regarded in the equation (208) which gives 
smission coefficient, k. It is always found, however, that the 
of the circulation of vapour or water over heating and cooling 
influences very considerably the quantity of heat transferred, 
no doubt this would also be the case with cooling by air, hence 
lot regard the expression (208) as quite correct. Eeliable 
es on this point are, however, not yet known, and the author 
observations of his own; it is therefore necessary for the 
to be content with the above value for kj. It may be 
[ that, in the experiments of which the formula (208) is the 
iie velocities of steam and water were not very great, so that 
rapid motion of these substances the transference will be 
l-eater than calculation indicates. 

temperature difference between air and heating surface is to 
1 as the mean. If the entering and leaving temperatures of 
ir or vapour to be cooled are known, the mean temperature 
:e, 0,,,, is easily found by Table 52, by supposing the cooling 
ace of the cooling water. 

r/i/«'. — The temperature of the vapour to be condensed and cooled is 100^ 
inperature of the condensed liquid is to be 20° ; the air enters at 15° and 
00° C. Then the mean difference in temperature, according to Table 

For the period of condensation - - 0,,,^ = 56*8°. 
For the period of cooling - - - 0,^ = 2G-8°. 

le temperature difference be obtained in this way and the 
of the air then fixed, then, in Table 60, calculated by means 
ion (209), is found the cooling surface required to transfer 
.ories in one hour with air velocities of 1-36 m. per second 
iperature differences of 5°-100° C. 

lly, the section is to be determined across which the air must 
lich depends on the velocity given to the air. 
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If Vt be the volume of air, in litres, to be sent through the con- 
denser in one hour, q the section of the air channel in sq. dcm., and 
Vf the velocity of the air in m. per second, then 

V, = qv, 3600 X 10 (210) 

^ = i;;36ooo <2"' 

An example is calculated in order to make clear the method of 
estimating the heating surface and section of the air passage. 

Example. — 100 kilos, of steam at 100^ C. are to be condensed in one hour and 
the condensed water cooled to 20° C. The cooling air is to be heated in the 
process from IS'^-SO** C. 

In order to convert 100 kilos, of steam at lOO*' into water at 100° C, 
100(637 - 100) = 53,700 units of heat must be withdrawn. 

In order to cool the 100 kilos, of condensed water from 100° to 20®, there 
must be abstracted (100 - 20)100 = 8000 calories. Thus, in all, 53,700 + 8000 = 
€1,700 calories. 

The weight of air required to absorb this heat is, according to equation (206), 

J. C 61,700 .nnnii # • 

L = — -. j-r = ^-?i7f„^7T^ — Tn = 4000 kilos, of air. 

(ri{tu - tfa) 0*2375(80 - 15) 

4000 kilos, of air at 15° have (Table 59) a volume of 3,264,000 litres. 

4000 kilos, of air have at 80° (Table 59) a volume of 4,000,000 litres. 

The mean temperature difference between steam and air is, according to 
Table 52, 0,nr - 41-8^ 

The mean temperature difference between condensed liquid and air is, 
according to Table 52, e,„it = 25-8°. 

If we assume the velocity of the air to be 20 m. per second, then the cooling 
surface re(|uired for condensation is. by equation (209), 

ir <^ '^3,700 

Hi = - — ,- = -^ J— = 28-7 sq. m., 

Zhemki 1 X 41-8(2 + 10n^20) 

or, by Table 60, for a difference in temperature of 40° (in round numbers), 

53-7 X 0545 = 29 sq. m. (approx.). 

8000 
For cooling there are required - ,^_ = 6-64 sq. m. (or, bv Table 60, 

25-8(2 + 10 N 20) M V . 

0*872 X 8000 
for an approximate difference in temperature of 25°, icjn^ ~ ^'^® ^l* ™*)* 

The total cooling surface is thus about 36 sq. m. 

The section, across which the air is to pass with a velocity of 20 m., is, by 
equation (211), 

Vi 3,264.000 , _ , 

'^ = 173600 = 20-x-36-;000 = ^'^^ ^- ^''^' 

A tubular lieating surface of 36 sq. m., which is to have a section of 4*53 sq. 
dcm., consists of 147 tubes of 20 mm. bore, each 4000 mm. long. 
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Table 60. 

The cooling surface, H,, io sq. m., required to traoBfer 1000 calories 
in one hour, when cooled by air at velocities of v, = 1-36 m. and 
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3. Open Surface-Condensers. 

Steam at atmospheric or lower pressures, or other gases or 
TapooTB, are oondensed in open surface-condensers ; it is rarely 
required also to cool the condensed liquid. In these condensers the 
Tapoor to he hquefied flows simultaneously through a number of 
parallel horizontal tubes, straight or curved, and arranged vertically 
over one another, or through vertical tubes. The cooling water, in 
a thin aheet, flows over the uppermost tube, it then flows down 
over the outside of the tubes and leaves heated at the bottom. The 
tabes are generally of equal size, h\it, since in the first case the 
cooling water is colder when it flows over the upper than the lower 
tubes, the temperature difference between vapour and water is greater 
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above than below. The upper tubes therefore condense more vapour 
and even cool the condensed liquid. The upper tubes have therefore 
a greater capacity than the lower. 

The quantity of heat, C, to be abstracted from the vapour in 
condensation is known in each case : 

G = D{c - Q (212) 

The requisite condensing surface, H^, is obtained from the well- 
known equation : 

^-o: (213) 



'e^tn 



The temperature difference, 0^^ must here be the mean difference 
calculated for the whole apparatus, as found in the ordinary manner 
by means of Table 1. 

The coefficient of transmission for copper and brass tubes may be 
taken as 

^V = 750 Vva yO-007 + Vr (214) 

For iron tubes it is, at the most, 0*75 times as great. 

In this form of condenser there is frequently a very considerable 
incrustation on the outside of the tubes, the inside is also occasionally 
coated by slimy or solid deposits. Thus the cooling action often 
sinks to one-half or to even one-third of the original. This is parti- 
cularly the case with iron tubes, and must be considered in settling' 
the dimensions. 

llie initial velociti/ of the vapour, r^, may be determined in every 
case from its weight and volume and the section of the tubes. 

The velociti/ with which the cooliiuj water flows down, r<, depends 
on the quantity whicli is to flow in one hour over 1 m. in length of 
the apparatus, and incieases with that quantity, just as in surface 
coolers. 

With a somewhat economical consumption of water, the velocity, 
IV, of flow over the surface of horizontal tubes cannot be taken at more 

than 0-200 m., then 3/0007 + tv = ^'^' 

On vertical tubes Vf may be about 0*400 m., in which case 
V0-007V>, = 0-74. 

The ratio between the lenqth and the diameter of the tube, r is 

-^ ' a, 

obtained as in the former similar cases — the quantity of heat trans- 
mitted in one hour through the cooling surface must be equal to the 
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latent heat of the weight of vapour condensed in the tube during one 
Honr. Therefore 

I v^ 3600y(c - Q 

Inserting the value for k, from equation (214) we obtain 

d 6„ 1 0-007 + V,' 
and, since for horizontal tubes i/0007 + V/ = 0-6 (see above), 



3° " e„ 



(215) 



Experiment<U Observation, — 8000 kilos, of steam at a vacuum of 640-650 mm. 
{53'5^ C.) were condensed per hour by 500 vertical iron tubes of 40 mm. bore, 
4000 nun. long. The mean temperature of the cooling water was 45°-47°, the 
cooling surface 250 sq. m. 

The amount of heat to be transferred per hour was 

C = 8000(623 - 53-6) = 4,666,600 calories. 
The volume of steam entering the tubes per second was 

^, 8000x9510 o. ixAi-. 
^' = 3600 = 2^'^^ ^^*'''- 

The free section of the 500 tubes amounted to 

q = 0-125 X 500 = 62-5 sq. dcm., 

lience the entrant velocity of the steam was 

21,140 _- _ 
"" = 62^6in0 = ^^'^ °^- 

The velocity of the cooling water flowing down the vertical tubes was about 
O'400 m., consequently the transmission coefficient, would have been, for copper, 

kc = 750V38-9\/0-067T0-400 = 3282. 

Since, however, iron tubes were used, 

fee = } X 3232 = 2424. 

The temperature difference was •,„ = 53*5 - 46 = 7*5**. 
Consequently the calculated cooling surface was 

„ 4,556.000 ^^ 

^•= 2424^^5 = 260 sq.m., 

which agrees exactly with the real cooling surface of 250 sq. m. 

19 
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Tablb 61. 

The cooling surface, H„ of copper or brass in open surface-condense 

the consumption of cooling water, W, and the mean temperati 

difference, fl,, requisite to condense i>er hour 100 kilos, of steam 

100°, 60°, 50° and 40° C, by means of cooling water at l5°-50° 
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COOLING SUBFACE8. 
Table 61 — {continued). 
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Cooling surfaces of iroD mu3t be at least 133 ftmes as ^reat. 



292 EVAPORATING AND CONDENSING APPARATUS. 

The annexed Table 61 gives for a number of cases the requisite 
cooling surface (in copper tubes) for the hourly condensation of 100 
kilos, of steam at different pressures, which enters the tubes at 
velocities of 26 or 60 m., and for cooling water at 15°-50° C. 

Generally the condensed liquid does not leave the condenser 
much colder than the steam ; if, however, the condensed liquid is 
intended to be cooled considerably, the cooHng surface must be 
correspondingly increased. 

The consumption of cooling water, TF, given is the theoretical. 
In practice, on account of evaporation, it would be 3-6 per cent. less. 



CHAPTER XXI. 

HEATING LIQUIDS BY MEANS OF STEAM. 

A. Steam Heating Coils or Systems of Tubes in the Liquid 

to be Heated. 

1. The Liquid is not Chayiyed, 

The heating of liquids by steam has already been mentioned (Chapter 
VIII.). The steam used for heating liquids (if it is not superheated, 
a case which is rare and therefore remains untreated here) must 
condense, and sometimes the condensed water must be cooled. The 
weight of steam required to heat a given quantity of water through a 
given range of temperature can always be found. On that account, 
and because it is convenient to the course of our subject, we proceed 
to the calculation of the requisite heating surface by first deter- 
mining the weight of steam required for heating and thence the 
surface requisite for its condensation. 

The weight of steam, D, required to heat F kilos, of a liquid of 
specific heat, oy, from /^^ to t^^, is 

D= -^^X^/^-y , (216) 

640- ^J^lJ^ 

Example. — In order to heat F = 100 kilos, of water from 3(]t°-90° C, there are 
required 100(90 - SO) = 6000 calories. 

Assuming the condensed water escapes at the mean temperature of the water, 

^^ Q ^* = — 5 — = 60°, then 1 kilo, of steam gives up 640 - 60 = 580 calories, 

^ ^ 6000 
and D = -r^ = 10*346 kilos, of steam are required. 

The difference in temperature between the steam and the liquid 
decreases during the process of heating; it is clear from previous 
explanations that the mean temperature difference is determined 
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from the greatest difiference at the beginning, B^^ and the least at the 
end, e. (Chapter I., Table 1). 

Example, — If the steam is at 100° C, with the data of the last example, 
9a = 100° - 80° = 70°, e, = 100° - 90° = 10°. Consequently 

a„ - 70 - ^ ^*^- 

The mean temperature difference is then, from Table 1, 

a« = 0-442e« = 0-442 X 70 = 30*94° C. 

Table 62 gives the number of units of heat required to warm 100 
kilos, of water under different conditions, also the consumption oi 
steam and the mean difference in temperature. 

If the warming vessel is to be provided with coils or systems o' 
tubes, through which the heating steam passes, its entrant velocity, v^9 
can generally be selected (30-40 m. for coils, 10-20 m. for short vertical 
tubes, would be suitable). From this and the hourly consumption o» 
steam, D, the proper diameter of the coil or tubes can be ascertained 
by means of Table 55. 

The diameter of the tube, the temperature difference and th9 
entrant velocity, all of which are known, then give, by means of 
equation (205) and Table 57, the necessary length of tube, and thence 
the cooling surface, H^, if the velocity of the liquid about the tube is 
known. If this velocity is unknown, the smaller value of k^ from 
equation (217) should be inserted in the expression : 

If the liquid is not driven artificially over the heating surface, the 
rapidity of its motion about this surface increases with the rise in 
temperature. The real extent of this velocity depends then on the 
form and dimensions of the surrounding vessel and the arrangement 
of the heatint;^ surface, which naturally is placed at the bottom. 

The mean velocity of the liquid over the heating surface, in 
heating without stirrers, may vary in different cases approxi- 
mately between zv = 0*02 and 0*300 m. The smaller figure is for 
large vessels and liquids at low temperatiu'es, below 60° C. ; the 
larger figure for small vessels and liquids at higher temperatures, 
60°-100° C. 

The coefficient of transmission should be taken in this case of 
steam coils, used for heating without stirrers, as 

fc, = 225 v/i^ to 450 Vt^; (217) 
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Table 62. 
Tlie requisite namber of calories, C, weight of steam, D, and mean 
temperature dtfTereoce 0„, between steam and water, for 
heatiag 100 kilos, of water from the temperature, tj„ to the 
higher temperature, t„. 
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The section of the steam valve may be determmed by the aid of 
Table 14. 

When the motion of the liquid is artificially accelerated by stirrers, 
its velocity can in some degree be determined, it will be 1-3 m. A 
higher velocity is without advantage, for the transmission of heat 
does not then increase to any great extent, whilst the power required 
increases considerably. The stirrer should naturally be, as far as 
possible, constructed so that it always conveys fresh liquid to the 
heating surface. 

The coefl5cient of transmission for the heating of thin liquids by 
steam in copper tubes, tuith stirrers, is 

K=^750jv,,%/6Wr+v^ (218) 

The true velocity of the liquid obtained by means of a stirrer is 
not easy to estimate, either before or after the construction of the 
apparatus. 

The application of a stirrer is still more necessary in heating and 
cooling thick sticky masses than w4th thin and readily mobile liquids. 
The former cannot be brought into rapid circulation even by very 
unequal heating. A stirrer is also necessary in the case of those 
liquids which would be damaged if their particles were heated almost 
to the temperature of the hot surface. 

Example. — 5000 litres of water are to be heated in one hour from 20'' to 80° C. 
by steam at 100° by means of a heating pipe. 

According to Table 62 there are required for this purpose 50 x 6000 = 300.000 
calories and 11 x 50 = 550 kilos, of steam. The temperature difference is 43° C. 

The entrant velocity of the steam is taken at 40 m. The diameter of the 
heating tube must be 90 mm., for, from Table 55, 13*9 x 40 = 556 kilos, of steam 
pass through a pipe of 90 mm. bore in one hour. 

If there is no stirrer in the vessel, the probable velocity of the water about 
the heating pipe may be assumed to be 0*020 m. Then we obtain the necessar}' 
length of pipe from Table 55, 

; = 194 X 0-090 = 17-46 m., 

and the heating surface, 

i/e = djfl = 4*92 sq. m. 

The steam valve should be 65 or, better, 80 mm. wide. 

If a stirrer is applied in the heating vessel, and it moves the liquid with a 
velocity of 1 m. over the hot surfELce, then, with the other conditions the same, 

according to Table 57, the ratio, ^ = 66. Consequently / = 66 x 0-090 = 6-94 m. 

and hence the heating surface, H = 1-69 sq. m. It will be observed that a stirrer 
considerably decreases the necessary heating surface. 
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2. A Contintious Current, in and out, of the Liquid to be heated. 

If the liquid to be heated flows continuously in and out, its 
velocity, v,, over the heating surface is known. Also the entrant 
velocity of the steam into the heating space is known or can be fixed. 
If all the steam introduced into the heating space is not condensed 
there, but a portion passes out, then in the equation for k^ the sum 
of its velocities at entering and leaving is to be inserted. This equation 
is 

k. = 750 y/v^ 4^0-007 + Vf. 

From the constant difference in temperature at the entry and 
•exit of the Uquid, the mean temperature difference, 0^, is obtained 
from Table 1. 

The quantity of heat to be transferred is 

C = Fa/t,, - t„) (219) 

And the heating surface 

The consumption of steam, according to equation (216), is 

D = ^^^^^- " ^ (220) 

640 - £^!L^* 

Example. ^20,000 litres of water are to be heated per hour from l(f'G(f C. ; 
the water flows past the heating surface with the velocity, ty = 0-20 m. The 
steam is at 3 atmos. absolute. 

In one hour C = 20,000(60 - 10) = 1,000,000 calories are to be transferred, 

for which D = — - — ts^- iTfr = 1627 kilos, of steam are required. 

640-(«°±i«) 

The steam is at the temperature, td = 134° C. (130° is used instead). 
The temperature difference at the beginning is $a =■ 130° - 10° = 120° ; 
The temperature difference at the end is Be = 130° - 60° = 70° ; 
thus the mean temperature difference is 

70 
(by Table 1, since " = .oh = 0583) 0,n = 077 x 120 = 924°. 

The steam is to be completely condensed and the velocity at which it enters 
IB to be r<i = 20 m., therefore 

^, = 750 \^20 V0007 + 0-200, 
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consequently the heating surface, 

„ 1,000,000 
^* = 92-41^ 1984 = ^-^^ ^- °^- 
In order to admit 1627 kilos, of steam per hour at a velocity of 20 m., accordiog 
to Table 55, 7 tubes of 50 mm. bore, and with a heating surface of 5*45 sq. m., are 
required. Each tube must therefore be 2 = 5 m. long. 

B. Steam Vessels with Double Bottoms. 

If a liquid is heated, not by steam coils, but in a vessel with a 
double bottom, then neither the velocity of the liquid nor that at 
which the steams enters is known. It is necessary to fall back on 
equation (52) for the heating surface, when there is no stirrer : — 

^' " 1400 to 1800^« ^^^^' 

If the double-bottomed vessel is provided with a suitable stirreff 
then the expression for estimating the heating surface is 

^• = 35fe. <222> 

Ej-ample. — 2000 litres of water are to be heated from 10° to 100° C. in one hoa^ 
by means of steam at a pressure of 1 atmos. (121° C.) in a double-bottomed vessel' 

According to Table 62, 20 x 9000 = 180,000 calories are required, and th^^ 
temperature difference is 52°. The necessary heating surface, without a stirrer" • 
is therefore 

"• = liS^. *« 1^5. = 2-*« '° l-«^ ^- "• <■"-"' 2-25 sq. m.,. 

If the vessel has a diameter of 1600 mm., then the surface of the doubl^^ 

bottom is about 3 sq. m., consequently the 2000 litres will, on the average, l)^" 

fJO X 2*26 
heated in ~ =45 minutes, 

o 

If tlie double vessel is provided with an efficient stirrer, the necessary heating 

surface is 

„ C 180,000 , ^ , 

"' = 3500a;, = 3500ir52 = ^^^"' ^ '^' ™- 

The same vessel will then heat the 2000 litres of water in about 20 minutes. 

Thick, syrupy or pasty masses are heated much more slowly. 

C. The Liquid to be Heated Flows Through Tubes around 

which is Steam at Rest. 

Steam is hardly ever completely at rest, but we understand in the 
following pages by steam at rest, steam which moves in a definite 
direction with a lower velocity than 05 m. per second. 
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Table 63. 

Copper heating surfaces required to heat per hour 1000 litres of 
water at 10° or 25° to 50''-90° C, moring through tubes with the 
velocity 0'01-0'4 m., by means of steam at rest at a temperature 
of 80°, 90°, 100°, or 120° C. 
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If the liquid to be 
^bea, whilst the steam 
ttien the transmission 
may be taken as 



heated is passed with the velocity, v^ through 
moves round the tubes with its slight velooity, 
coefficient for copper tubes and thin liquids 

k, = 750 y0007 + V, (223) 
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SO thik( the rc^quisite headng surface is 

H. = -,£= (224) 

e^ 750 i 0-007 + r. ^ ' 

For thick liquids k^ is about 10-15 per cent, lower, H, consequently 
about as much greater. 

For iron tubes !*« is about 15 per cent, lower. 

The temperature difference is obtained in the ordinar\' manner, 
by Table 1, from the temperatiu^ of the steam, which is generally 
constant, and the initial and final temperatures of the liquid. 

If the hquid is sent simultaneously through a considerable number 
of (vertical) tubes, round which the steam passes, if only at velocities 
of 0*5-1 m. per second, the efficiency of the heating surface is greater, 
and may easily be in this case 1*5 times as great as with steam at 
rest. 

The next. Table 63, gives the temperature differences and requisite 
heating surfaces for a number of cases. The figures given for steam 
at 80"* and 90° C. apply also to aqueous alcohol vapour of 86 and 58 
per cent, strength by weight respectively. 

Experimental Example, — 5890 kilos, of wort were heated in one hour from 
31^ to 49^ C. by aqueous alcohol vapour at rest (velocity about 0-3 m.) at a 
temperature of 79-1^ C. The wort was passed with a velocity of 0-205 m. through 
a copper pipe, with a bore of 100 mm. and the heating surface, He = 6*9 sq. m. 

The specific heat of tlie liquor being taken as ay = 1, there were to be trans- 
ferred in one hour 

C = 5890(49 - 31) = 106,020 calories. 

The temperature difference at the beginning was Ba — 79*1° - 31° = 48*1°. 

The temperature difference at the end was 9^ = 79*1** - 49° = 30*1°. 

30*1 
Then -^ = '-— = 0-625, accordingly, by Table 1, the mean temperature 

difference is 

e,n = 0-8 X 48-1 = 38-48°. 
The coefficient of transmission is 



A-« = 705 ^^0-007 + 0-205 = 447-76. 
The calculated heating surface is therefore 

^ 106,0 20 ^_^ 

^« = aiTTB — 4 in r-t, = 6-15 sq. m. 
38-48 X 447*75 ^ 

• 

On account of the thickness of the liquid, 10 per cent, is to be added, which 
gives 615 + 0-015 = 6-8 sq. m., which agrees well with the actual heating surface. 



CHAPTEK XXII. 

THE COOLING OF LIQUIDS. 

Thbbe are various different methods for cooling liquids, in most of 
which the liquid is cooled by the consequent heating of the means of 
cooling. Thus the consideration of the cooling of liquids may also 
serve for the operation of heating, for which what is about to be said 
may also be useful. 

Liquids may be artificially cooled by the following methods : — 

A. By the direct introduction of ice. 

B. By the* direct addition of cold to hot liquids. 

C. By the evaporation of a portion of the liquid without the 

application of heat. 

D. By flowing over metal surfaces which are in contact with a 

colder hquid (surface or closed coolers). 

E. By flowing free over surfaces which are in contact with the 

colder liquid on the other side, by which means the 
surrounding air takes up a portion of the heat (open 
coolers). 

F. By contact with metal surfaces which are traversed by cold 

air. 

G. By spreading out and dividing the liquid in the open, and 

subjecting it to the action of air in natural or artificial 
motion (as in cooling water). 

These methods of cooling will be dealt with in turn. 

A. The Direct Introduction of Ice. 

This method of cooling is only employed when it is desired to pro- 
duce very low temperatures. The ice employed is generally only a 
few degrees below C C, its heat of liquefaction is 79 calories. Having 



302 EVAPORAXrXG AND CONDENSING APPARATUS. 

regani to its specific heat (a^ = 0*504) for the 2°-3*' through which it 
must be heated before melting, it may be assumed that each kilo, of 
ice in melting to water at 0° C. takes up 80 units of heat. If tf, and 
if, be the temperatures of the liquid before and after cooling, and 
Vf its specific heat, then the amount of heat to be withdrawn is 

C = FaAt.^ - t^) (225) 

The weight of ice to be used is 

In order to cool 100 kilos of water from 

10° 9° 8° 7° 6° 5° rC. 
To5=C.\therearerequiredj5-9 4-8 36 2*4 1-2 — — 
To 2° C. j ^ kilos of ice (98 86 7*4 61 4-9 3-7 244 

B. The Direct Addition of Cold to Hot Liquid. 

If Fjt kilos, of a cold liquid at the temperature, tyt, be added to 
F^ kilos, of a warmer liquid, of the same specific heat, at the tempera- 
ture, tf^, the temperature of the mixture is 

'"• = F, + F, (^•'^' 

Example.— F^ = 100 kilos, of water at //«, = 80", and F* = 200 kilos, of water 
at t,i, -= 20^ give 

Fm. + Fk = 300 kilos, of water at the temperature 

_100x80j-200x20_ o 
"• ~ 100+200 ~ ^ ■ 

C. Cooling Liquids by Evaporation. 

Liquids are best cooled in this manner by bringing them into a 
vacuum. If a space be provided over a hot aqueous liquid, in which 
a lower pressure is maintained than corresponds to steam at the 
temperature of the liquid, the latter is cooled down to that tempera- 
ture, the steam at which corresponds to the pressure over the liquid, 
the heat of the liquid given out in falling from the original tempera- 
ture to the lower being utilised in the formation of steam. The 
temperatures of steam (and also of liquid) corresponding to every 
degree of vacuum are to be obtained from Table 9. 
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If the weight of liquid, F„, at the original temperature, t 
cooled in vacuo to t^^^ then the weight of steam evolved is 



/wt 



IS 



D 



640 - ^^ "^ ^ 



'/* 



(228) 



2 



whence we obtain the following small table :- 



Vacuum, 
mm. 

234 
405 
526 
611 
668 
705 


Tempera- 
ture of 
the cooled 
liquid, t/t. 

°C. 


100 kilos, of aqueous liquid at the original 
temperature, f/«, = 


100° 


90° 80° 

1 


1 

70° 00° 

1 
1 


Evolve the following weights of steam, 1), in being 

cooled to the temperatures, (^, given in 

the second column. 
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1-82 
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3-33 



D. Cooling a Hot Liquid by means of a Colder Liquid. 

The cooling of a hot liquid by another colder liquid, or, what is 
he same thing, the heating of a cold Uquid by a hot one, may be 
iffected in two dififerent ways, viz, : — 

1. By sending the two liquids conthmously in opposite directions 
counter-currents) with the highest possible velocity over the common 
vail of separation. 

In this method the warm liquid falls through straight or bent tubes 
coils) or channels, whilst the cold liquid rises in the surrounding 
vessel or in a surrounding tube concentric with the first, or rises, 
srhilst being warmed, in a channel surrounding the first. 

If we put <r^ for the specific heat of the warm liquid, cr* for that of 
he cold, t^ and t^ for the temperatures of the warm, t^ and t^ for 
he temperatures of the cold liquid, then the quantity of hea^ to be 
ransferred is 

C = F^J^t^ - C) = F^,(t^ - t^,) . (229) 
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T.VBLE 64. 

The transmission coeflScient, k\, between two liquids, the one taking 

or brass diaphragm with the 
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From this equation is also obtained the necessary weight of hot 
liquid, F„ for heating the weight of cold hquid, Fj^, 

If Om be the mean temperature difference and k^ the coefficient of 
transmission, then the surface required for the cooling is obtained 
from the known equation : — 



77 - ^ 



TM 






(230) 



The coefficient of transmission of heaty k^^, between two moving 
liquids at different temperatures is found from an equation calculated 
by Molier from Joule's researches (Zeits. d. V. d. Ing., 1897, Nos. 6 
and 7) on copper and brass separating avails. The equation, which 
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Table 64. 

rem the other, which flow in opposite directions over a copper 
nt velocities, v^ and ly^. 
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its the thickness of the diaphragm (of Httle influence because of 
inness and high conductivity of the metal), is 

kji = ^ ^1 .... (<^ol) 



1 + 6s% "*" 1 + Gv/t?;^ 

ch r^j and Vy.^ are the velocities of the two liquids, 
order to allow for the furring of the pipes, which is never 
ig in practice, we shall take, in estimating the coefficient of 
lission, ki^y for practical purposes, the expression 

, 20 

+ 



1 + 6 Jv,, 1 + 6 v/(>^ 
20 
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The coefficients, k,,, calculated from this equation for velocities of 
0*01-2 m. are collected in Table 64, from which most actual cases 
may be taken. 

The mean temperature difference^ 0^, is obtained by means of 
Table 1 from the ratio 

The mean difference in temperature for certain special conditioDS 
may be taken from the later Table 68, in which it is given for opea 
surface-coolers. 

When the cooling surface is formed of tubes of circular section it 
can be calculated from the dimensions of the tube, H^ = dwl, and the 
weight of liquid, F., passing through per hour, may be expressed as 
the product of the section of the tube, the velocity and the specific 
gravity :- 

F, = ^i;, 3600 5.1000 (233) 

The quantity of heat passing through the cooling surface in one 
hour must be equal to that lost in this period by the liquid : — 

d7rlk,e^ = ~Vy. 3600 s^ . 1000 . a^{t^ - C) • • (234) 
Hence follows the length of the cooling pipe : — 

^= ^1^^^^'^^^^/•«-*^-(*-- U . . . (235) 

in which, for water, <r and 5 = 1. 

The desired velocity of flow and diameter of pipe, required to cool 
a definite weight of liquid through a definite range of temperature, 
cannot be arbitrarily chosen, and from them the length of the pipe 
calculated, because in most cases impossibly long pipes would be the 
result. The diameter of the pipe, the velocity and quantity of Uquid 
depend one on the other. It requires some practice to select proper 
proportions. 

In order to facilitate the selection, two tables are here given. 

1. Table 65, which gives the necessary lengths of tube for the 
required inner surface of 05-7 sq. m. in tubes of 10-70 mm. diameter. 

2. Table 66, which shows : — 

[a) The volume of liquid, 7^, which flows per hour through pipes 
of 10-30 mm. diameter with velocities from 0'02-0*4 m. (b) The 
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Table 65. 

T!\k length of a cooliog pipe of 10-70 mm. diameter, when its internal 

surface is 025-7 sq. m. 



3SXI16-1 32-24S-3(>4-580'596-fi — — I — I — | — 

i-30;i0'6 '21-a31-842-453-07i'2e4'8,84-995-4 106-01 — 

■OO; 8>0 'l5'923-93L-839-847-7 65-7.63-(>7I(l 79-6;B7- 

■20i G-4 l2-7;i9-l'25-431-838-144-S,50'fl'57'2 6a-569'9 

■65; 5-3 10-6.15-921-2j26-581'887-142'4'47-7; 53-C " 



20U 40 



■G 9'lll3-7il8-2.22-S27-3'31-93l3-4i41-0 46-5 »■ 

■0 8-O|ia-0,I6-0.3O-024-0J28-0'32-0,86-0 40-044-0 

■6 7-lll0-7 14'2!l7-8 21-3 249 28-4132-0 36-5 30-1 

1-58, 3-15. 6-3'l0-012-G:J5-9|18-922-6'2S'22a-9 31-83fi' 

■45 2-9 I 6-8 8-711-6U-5ll7-4l20-3|28-22G-l 29-ol81-9 

■35 2-7 ' 5-3 9-O10-3J13-315-6'l8-32O-li2.3-0 2Q-5'29-2 

1-26; 2-6 I 4-9; 7'4| 9-9il2-3J14-7|17-2 19-6:22-1 24-5'27-0: 

4-6| 6'9: 9-2!ll-413-8il6'l!a-4|20-7 22-7 



lengths of tube, I {and thence the cooling surface), required to cool 
the volumes of liquid, Vy, given io column 3 (iit this case water: it = 
1, i = 1) from the initial temperature, /„, to the final temperature, 
t^, by means of cooling water at the different initial and final tem- 
peratures, tf^ and 'tei <^i>^ of different velocities, r, = 002-0-4 m. 

This Table 66 is calculated by means of equation (235), The 
very great number of the possible variations of all cases has permitted 
only a restricted selection of variables. The table shows that, if the 
pipe is not to be too long, the velocity of the liquid to be cooled may 
only be low. Therefore, in the case of a large quantity of liquid, many 
□arrow pipes, arranged parallel to one another, must be used in place 
of one long pipe. 

If it is expected that the cooling surface will be very clean, 
the number of tubes found from Table 66, or their length, may be 
dimiaished by about 25 per cent. 
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Iron tul)es must be about 20 per cent, greater in number. In 
cooling thick liquids the same increase is necessary. 

If the specific gravity and specific heat of the liquid to be cooled 
are not equal to unity, but are s and o- respectively, the number of 
tubes is to be multiplied l)y scr. 

Example. — 2000 litres of water are to be cooled per hour from 80° to 30" C. by 
means of cooling water which becomes heated from 15° to 60° C. The velocity 
of the wami water is 0*02 m., that of the cold water 0*01 m., the cooling pipe is 
to have a diameter of 20 mm. 

According to equation (229) the amount of heat to be transferred is 

C = F^^M,{U, - t^) = 2000 X 1 X 1(80 - 30) 

= 100,000 calories. 
The volume of cooling water is 

!.» C 100,000 ^^o-ii* 
Ft = = = 2222 litres. 

Through a tube of 20 mm. diameter there flow in one hour at 1/ = 0*02 m. 

per second, according to Table 66, 22-6 litres. There must therefore be r^^ = 

89 tubes. 

The length of each tube is obtained from equation (235) : 



'm 



in which, by equation (232) and Table 64, A* = 170. 

^'"^^ 80 ^ GO ^ 20 "^ ^^^' therefore, by Table 1, 

a„. = 0-872 X 20 ^ 17-44°, 

thus / = yjQ'ir,.^^ 900,000 X 0-02(80 - 30) = 607 m. 

The cooling surface is therefore U = S9 dl = 35'8 sq. m. 

If 2000 litres of alcohol (86-8 per cent, by weight), for which a^ = 0*7 and 
Sfg = 0'8, are to he cooled under the same conditions of temperature as above, 
then 

C = 100.000 X 0-7 V 0-8 = 56,000 calories. 

therefore F, = ^f-^^ = 1244 litres. 

oU — 10 

The number of tube is, as above, 89. 

The length of each tube, I = 6*07 x 0*7 x 08 = 3-4 m. 

The cooling surface, i/t, is about 19 sq. m. 

K.rjxTiffietit. — Hentschel's wort cooler. A hollow spiral (conveyor) of 360 
mm. diameter turns in an open trough of about 360 mm. diameter at 40-45 
revolutions per minute, and carries the wort from end to end. The cooling 
water flows in the hollow spiral in the opposite direction to the wort in the 
trough. 
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2800 litres of warm wort were in this way cooled by means of 14 sq. m. of 
cooling surface from 58-8° to 16*25'' C. in 46 minutes by 2400 litres of cooling 
water, which was heated from 10° to 40° C. 

Now, Ba = 58-8 - 40 = 18-8° 

e^ = 16-25 - 10 = 6-25°, 
., 0e 6-25 _„ 
*^^^ o; = 18^ = ^•^- 

Therefore, by Table 1 the mean temperature difference is 



e,„ = 0-588 X 18-8 = 10-96°. 

It was observed, in regard to the wort, that 

, 4 X 2800(58-8 - 1625) , , .^._ 
^** = 8x14x10-96 = *^^"' ^^^^' 

or in regard to the water : — 

, 4 X 2400(40 - 10) , ^ _„, 
^* = 3 X 14 X 10-96 = *^""' ^^'- 

The velocity of the wort over the cooling surface is 

0-850. T. 45 ^,, , 

^A = — ^ — 7^ — = 0-41 m. per second. 
2 X 60 

The velocity of the water is equally great, but there is to be added to it the 
velocity in the hollow spiral, which is, if the section of the spiral be 0*15 sq. 
dcm. : 

2400 X 4 
"^ = 60 X 60 . 30-15 X 10 = »'~"' °"^ "• P«"««'>''d- 

Thus the water is carried with a velocity of 0-41 + 0*60 = 1*01 m. over the 
diaphragm between water and wort. 

The coef!icient of transmission for the water, calculated by equation (232), is 

kk = -. -. = 572 (approx.). 



1 + 6\^0-41 1 + 6^1-01 

This result agrees with the observed coefficient k^ = 626 with sufficient 
accuracy, since the metal surface is always kept clean by the wash of the liquid, 
and the coefficient thus somewhat increased. 

The transmission coefficient for the wort apjyears to be considerably higher, 
because it is in contact with the air and is thus cooled by evaporation to a con- 
siderable extent, which is the advantage of this method of cooling. 

In refrigerating machines the exchange of heat generally takes 
place at a low temperature ; for this reason, and because the liquids 
used are not always as mobile as water, the coefficient of transmission 
appears to be somewhat lower. H. Lorenz (Zeits. f. d. gesammte 
Kalteindastrie, 1897, Heft 9) found, for liquid carbonic acid which 
was cooled in an iron pipe from 34*58'^ to 21*61° C. by means of water 
which became heated from 9*9° to 21*61° C, Z:* = 105. In another 
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case, when the liquid carbonic acid was cooled from 19*45** to 11"8° C.» 
and the cooling water warmed from 9*9** to ll-OS", k^ was 125 (when 
the real mean temperature difference was used in the calcalation). 

2. The second method (discontinuous or periodic) consists in bring- 
ing the whole quantity of liquid to be cooled at once into a vessel 
and allowing the cooling fluid (usually water) to flow round the 
external walls of the vessel, or through pipes or plates, at rest or 
in motion, until the liquid is sufllciently cooled. The operation is 
shortened if the liquid to be cooled is moved artificially at a fair speed 
over the cooling surface or the cooling surface is moved through the 
liquid, since the very small differences of temperature existing at the 
same time in the liquid cause only a slow circulation. The amount 
of heat to be extracted from the weight of liquid, F^ which is cooled 
from t^, to t^, and thus to be taken up by the cooling agent is 

C' = i^>.(^^-U (236) 

The cooling surface required for the transfer of this amount of heat is 

C C 

^* = m:= — "200 7 • • ^'^^> 

- + - 



1+6 Jv^ 1 + 6 \^2 

If we assume that a uniform temperature prevails throughout the 
warm licjuid at any instant, so tliat all portions take a regular part in 
the c()()lin«^, then the mean temperature difference betw^een the liquid 
and the coolinj^ medium diminishes continuously, the latter being 
h(?ate(l from its constant initial temperature to a final temperature 
which decreases during the progress of the operation. 

The mean tcvij/cnUiirc difference at the beginning, $,^.„ is obtained 
from th(! jjjreatest and least temperature differences between the warm 
li(jui(l and the cooling medium at tlie beginning, ft,i and 0^^, The 
mean t('m])erature difference at the end, 0,,,,, is obtained from the 
greatest and least temperature differences at the end, 0„.2 and 0^. 

Tlie true mean temperature difference, $,^, for the w^hole operation, 
is obtained from the two mean temperature differences at the begin- 
niui^ and tlui end, 0,,,., and 0,,.,.. 

By means of Table 1, '' gives the mean temperature difference 
of the be^'inning : $„,„ = a6'.,, ; similarly, rp gives the mean tempera- 
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ture difiference at the end : 0^^ = /J^„o. Finally, -^ gives the true 



'ma 



mean temperature difference : 

^«. = y^„^ = ya^.i (238> 

When the true mean temperature difference, 6,^y is found, and also 
the mean temperature, t„, of the warm liquid calculated in the well- 
known simple manner, then by subtraction the mean escape tempera- 
ture of the cooling water is found : ^*, = C - ^m > ^oni t^is the mean 
increase in temperature is obtained : U,^ — ^^ - ^ta> ^.nd thence the 
weight of cooling water requisite to extract the quantity of heat, C : — 

T^=.- =.-^ (239). 

B 6 

If we now arrange that the ratios P^ and ^^- are equal, i.e., that 

a » /3, the calculation and explanation are simplified. We shall 
therefore now assume that the ratio of the temperature differences at 
the beginning is equal to the ratio of the temperature differences at 
the end — a very good and natural condition. 

In order to estimate the necessary cooling surfaces we still require 
to know the velocities of the liquid and the cooling water, i'/j and ty^. 
The former may be taken at about 0*02 m. if there is no stirrer and 
the cooling surfaces are favourably arranged. 

If the cooling vessel be provided with a stirrer it may be arranged 
so as to give the mass a velocity of 1 m. or rather more, but not 
more than 3 m. 

The velocity of the coolmg water, when it flows through pipes, 
may be determined by means of Table 66. It will generally be 
very low. 

Example. — 2000 litres of water are to be cooled in 1 hour from 80*^ to 20' C. 
by water at 10° C. which is to bo heated at first to GO^. 
The quantity of heat to be transferred is 

C = 2000(80 - 20) - 120,000 calories. 

The mean temperature difference at tlie beginning is. ])>• Table 1, 

/ . a.i 80 - 00 20 _ ,^,, \ 

I smce * = = -- 0*28(> 1 

V 0„i 80-10 70 ^ "^ J 

e„ut = 0-5750.,, = 0-576 x 70 = 40-26-. 
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At the end, 

I since '^ is to be equal to --^ ) 

e,», = 0-575««3 = 0-675 (20 - 10) = 5-76°. 
The true moan temperature difference is therefore 

(«'-fe= ill =«•"«) 

e.H = 0-676 X 0-441 X 70 = 17-7°. 

The mean temperature of the liquid Ik 

/ . <« 20 -„_\ 
(""^"^=80 = ^*2^j 

i,\, = 0-644 X 80 := 43-62*'. 

Consequently the mean temperature at which the cooling water leaves is 

tk» = 43-62 - 17-7 = 26-82°. 

Now /em = 26-82 - 10 = 15-82^, 
and C = 2000(80 - 20) = 120,000. 
therefore W — 7680 litres. 

If the water flows through the pipe with a velocity of 0*1 m., and if the 
stirrer gives the liquid to be cooled a velocity of 1 m. over the cooling Bur&oe, 
then, by Table G4, A> = 408. 

The requisite cooling surface is therefore 

,. C 120,000 _- 

Ajie,,, 408 X 17-7 ^ 

Since the velocity in the pipe is to be 0*1 m., the cooling surface may con- 
sist of: — 

1 tube of 160 mm. diameter, 33-4 m. long. 
4 tubes of 80 „ „ 16-7 

8 ,, 67 ,, ,, 11-7 t, 

18 „ 40 „ „ 8-4 

The desired data for a few cases are collected in Table 67. 

ErperiJiwut. — In the mash-tun of a distillery, with 8*4 sq. m. of cooling 
surface in the sliape of brass tubes of 46 mm. bore and 48 mm. external diameter, 
3000 litres of wort were cooled in 105 minutes from 62*6*' to 16-26° C, by means 
of 9G82 litres of cooling water (91-73 litres per minute) at 10*62° C, which was 
lieated to 5(V at the commencement, to 13-4'^ at the end. 

The average velocity of the water in tlie cooling pipe was 0*877 m., that of 
the wort over the cooling surface about 0-86 m. per second. (Tub 2300 mm. in 
dianifter, stirrer gives 80 revolutions per minute, hence its mean velocity is 1*7 
m. The motion of the liquid moved by the stirrer was assumed to be half as 
great.) The wort lost 3000 (62*5 - 16-25) = 138,760 calories. The water gained 







































DISCONTINDODS COIILING. lil? 


Table 67. 


Discontinuous (periodic) oooling. Mean temperature diffwence, (/.„, 


mean temperature of outflow of cooling water, t^,, the requisite 


quantity of cooling water, It', and cooling surface, i/„ for 


velocities, of the liquid of 1 m., of the cooling watt-r of O'l m., 


in order to cool 100 kilos, of water in one hour. 
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96.12 X 12-1 ^ I16.54T calorioe. The difference, 138,760 - 116JM7 = njM 
calarie«. w&b lost by radiaCion and evaporation. 

The mean temperature diOerenc 
efficient of tranBmiasioa is 

116,547 



„ > 1203°, hence the obierred a 



A.. 



"«*»-« 



8'4 X 12-1 K 
The catculnled coefficient o( transmiBsion 



pr^ C3 665 calories. 



105 



1 + 6V0-877 1 + 6n'0-86 
The agreement is autlicienlly good. 
The following table gives tho course of the experiment : 
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E. Open Surface-coolers. 

Many hot liquids are cooled by ivllowirig thein to flow down, 
Gxposed to tlie atmosphere, over metallic surfaces, on the other side 
of which pueses cold water. This form of apparatus is here called 
the open surface -cooler. Its cooling surfaces consist of straight or 
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bent tubes arranged one above the other; the seotion of a tube is 
circular, oval or approximately triangular. More rarely plane surfaces, 
vertical or JDclined, or vertical tubes, are used. 

The hquid flows down over the cooling surface with various veloci- 
ties, which iacrease with the emoothnesB of the surface, the height 
of flow, and with the quantity of liquid which flows in unit time over 
unit length of the apparatus, i.e., with the thickness of the flowing 
layer. The velocity decreases with the inclination of the surfaces to 
the horizon and with the consistency, thickness or viscosity of the 
liquid. 




Over smooth plat 



rtical surfaces, the height of which is 
12 3 4 



the mean velocity at which 

water flows down is about OS-O? 0-6-0-9 O'8-l'l 0-9-1 -3 m. 
The quautity of liquid, which flows down in one hour over 1 m. 
length of the cooling surface, may be greater in larger apparatus than 
in smaller. With an apparatus wliitli can cool in one hour 

100 300 500 800 1000 2000 3000 (or more) Utres, 
there may flow 
over a length 
of 1 m. in 

one hour 125 300 390 420 550 700 800 htres. 

The cooling water enters below and leaves above ; it is desirable 
that it should pass through the cooling tubes with a tolerable velocity, 
which may be about 05 mm. in small apparatus, 10 m. or more in a 
large apparatus. 
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Table 68. 
The copper or brass cooling surface, i/„ in sq. m., and the ctxAing 
water, W, in litres, tor open surface -coolers, required to ooo-^ 
F, = 100 kilos, of aqueous hquid in one hour from (^ = lOO"- 
30" C. down to („ = SO'-S" C, by means of cooling water at 
U = 2°-15° C. 
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DIMENSIONS OF OPEN COOLERS. 
Table 68 — (continiud). 
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The cooling action of this apparatus is geoerally very good, because 
the thin layer of liquid greatly favoura the transfer of heat, and 
because the velocity of both liquids — the cooling and the cooled — 
may be greater here than in closed coolers, since the air itself 
takes up heat and by evaporation accelerates the coohng, and, finally, 
because the surfaces are easily accessible and can therefore always 
be kept clean and active. A small amount of the beat is also lost by 
radiation. 

As a rule, open coolers are placed inside the works, and occa- 
sionaUy air is blown over the surfaces in order to increase the 
cooling action. The surrounding air rises very slowly over the 
liquid, with small coolers and not very warm liquids, at a velocity of 
0-2-0'3 m. ; with higher apparatus and warmer liquids, at about 1 m. 
per second. The air is heated approximately in proportion to the 
temperature of the liquid to be cooled, and, in proportion to the 
degree of heating and its original amount of moisture, it takes up water, 
as vrill be described in treating of cooling water. The liquid loses by 
evaporation 1-3 per cent, of its weight, according to circumstances. 
21 
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There are no reliable experimental figures as to the heating of 
the air and its evaporative effect in this form of cooler ; it is therefore 
necessary to calculate the quantities of heat taken up by the air and 
by the cooling v^ater separately in open surface-coolers. It would 
appear that the heat given up to the air is approximately proportional 
to the mean temperature difference between water and air. 

The hotter is the liquid to be cooled when it reaches the cooler, 
the better the apparatus works, since then a tolerable quantity of 
heat is taken up by evaporation. It is of considerable importance to 
the cooling capacity that the hquid should flow down quietly over the 
whole surface, without splashing. It will be assumed that in this 
case the coefficient of transmission, A;* = 1000. The amount of 
moisture in the surrounding air also affects the cooling action. 

Expe7'im4'tits. — 1. An open surface-cooler with a cooling surface of 13*4 sq. m. 
cooled 2600 litres of beer per hour from 70° to 13° C. by means of cooling water at 
10°, which left the apparatus at 33° C. This gives fc* = 800. 

2. A similar apparatus with a surface of 13*5 sq. m. cooled 3500 litres of beer 
per hour from 70° to 18° C. by means of cooling water at 15° C, which flowed 
away at about 40° C. This gives A-* = 1010. 

3. A nimilar apparatus with a surface of 20 sq. m. (16 tubes of 55 mm. ex- 
ternal diameter and 4200 mm. long = 11*5 sq. m., fed by water at 8"75-26°, p/us 
12 tubes of the same size = 866 sq. m., fed by ice-water at l°-7'5° C.) cooled 6000 
litres of beer per hour from 43-7°-6° C. The temperature of the beer at the 
outlet of the ice-water was 14-1° C. This gives for the 11*5 sq. m. kt = 1000, for 
the 8-66 sq. m. A> = 670. 

As a result of these and other similar experiments not given here, 
we assume that it is permissible, in estimating the necessary cooling- 
surface of open coolers, to take 

k, = 1000 (240) 

and thence the surface required to abstract C calories is 

^' ^ ioooC^ ^^*'^ 

This expression is applicable to copper and brass cooling tubes, 
cooled by water, and to thin warm liquids. 

If the original temperature of the liquid is low, say under 15° C, 
we may only take 

^-, = 700 (242) 

If the cooling surface is of iron, then for warm liquids k^ = 800. 
If the liquid to be cooled is somewhat thicker than water, H^ must 
be increased by about 20 per cent. 
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Table 68, which is clear without further explanation, has been 
compiled in this manner. 

Example. — In one hour F^ = 1000 kilos, of an aqueous liquid at f^a = 80° 0. 
are to be cooled to f^ = 17°. The cooling water is at 15°, and is to flow away at 
60°C. 

Now, 7* = 1, C = F(t^ - U) = 1000(80 - 17) = 68,000 calories. 

The greatest temperature difference is : $u = 80° - 60° = 20°. 

The least temperature difference is : »« = 17° - 15° = 2°. 

Since ?^ = ^ = 01, it follows, from Table 1, that 
Oa 20 

$„, = 0-391 X 20 = 7-88°. 
Thus the necessary cooling surface is 

-- C 63,000 o 

^* = m;:7* " 1000 X 78-1 X r= ® '^' °'- 

The requisite weight of cooling water is given by 

c = w(t^ - ha) = w(eo - 15), 

or \V = 1400 litres. 

F. Cooling by Contact with Metallic Surfaces which are 

Traversed by Cold Air. 

This method has been sufl&ciently treated in Chapter XX., B. 2, 
page 283. 

G. Cooling Water by Air. 

In cooling large quantities of water, the method is generally used 
of exposing the water with the greatest possible surface to air at rest 
or in motion. The water is allowed to stand in shallow tanks with a 
great surface, to flow through a long shallow channel, to flow down 
in sheets over terraces or over vertical or incHned plane walls ; it 
also falls in the form of jets and drops down cooling towers or is finely 
divided and sprayed by roses, to sink down as dust. 

The cooling air either moves with its natural velocity, or is 
artificially driven, over the water. In these arrangements it is 
endeavoured to bring the greatest volume of air in direct contact 
with water in the finest possible state of division. 

The cold air has a twofold cooUng action on the warm water ; in 
the first place it acts directly by abstracting heat and itself becoming 
hotter. If the atmospheric air, at its first contact with the water, 
has the temperature ti^ and leaves it at ^^, then L kilos, of air take 
from the water in being heated : 

0. - LO'2376(t^ - U (243) 
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In the second place the air cools the water by causing a portion 
of it to evaporate. The atmospheric air, which is practically never 
saturated with moisture, readily takes up more, especially when it is 
warmed, as by the water in this case. 

In regfiurd to the quantity of water which can be taken up by air, 
and other questions of interest here, more detail will be found in the 
author's work, Drying by Means of Steam and Air (Scott, Greenwood 
& Co., London, 1901), from which the numerical values required 
below are taken. 

If 1 kilo, of air before contact with the water contains d^ kilo, of 
vapour, and on leaving the water, d^ kilo., this 1 kilo, of air has taken 
up during the contact (d^ - d^) kilo, of water vapour. If the mean 
temperature of the water was ^^„, the number of calories withdrawn 
from the water for the evaporation of the water taken up by 1 kilo. 
of air was 

C, = L{d, - d„) (640 - O (2^^) 

Thus, in all, L kilos, of air take from the water 

C, = a -f C. = L[0-2375{K - U + {d. - d,) (640 - t^)] (245) 
calories. 

If W kilos, of water at the temperature t^ are to be cooled to the 
temperatuie t^, then there are to be withdrawn for that purpose 
^^(^ir» - ^uk) calories ; the 'principal equation is therefore 

C, = C, + 0, = TF(C, - C) 

= L [0-2375(^,. - t,:) + [d,. - d,) (640 - C.)J . (246) 

The temperature of the external air, ti„, is very variable, and so 
also is the quantity of moisture in it ; the temperature of, and 
moisture in, the air when it leaves are variable, and the temperature 
of the cooling water is different in each case. In order to obtain a 
view of the prevailing conditions and actions in the many different 
and varying cases, Table 69 has been calculated for temperatures of 
the outer air of ti,, = - 20° to + 30° C. and of the emergent air of 
t^ = 5° to 40° C. 

For Table 69, the amount of heat required for the evaporation of 
1 kilo, of water was taken at 600 calories, which is perhaps somewhat 
low. It is also assumed that the atmospheric air is completely 
saturated at the prevailing temperature, but that it leaves the cooler 
at temperatures from 5° to 40° C. only three-fourths saturated. The 
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values of d^ and d,, which give the amount of water in 1 kilo of air, 
are taken from Tables I. and III. of the above-mentioned work. 

Table 69 gives, in the first lines, the number of units of heat 
taken up from the water by 1 kilo, of air in becoming heated 
[0'2S76{t^ - ti^)], and, in the Hues 2, the number of calories ab- 
stracted by the same kilo, of air through partial evaporation of the 
water [{d„ - d^ (600 - t^]. The sum of these two lines would then 
show how many calories are withdrawn in all by 1 kilo of air. 

The lines 3 give the ratio of the absorption of heat through 
heating to that through evaporation. 

The fourth lines give the weight of air, L, required to abstract 
1000 calories from the water. 

Exainple. — If the air reaches the water at 0°C. and leaves it at 20° C, the 
ratio of the heat withdrawn by heating the air to that by evaporation is, by 
section 5. line 3, 0527 : 0*473. 

If a total of 1000 calories is to be abstracted, then the air must take for 
heating itself C« = 1000 x 0527 = 527 calories, and by evaporation C, = 1000 x 
0-473 = 473 calories. 

Now, by equation (243), 

C, = I/0-2375(<to - tta) = 1/0-2876(20 - 0) = 627 calories, 
and thence the necessary weight of air (Table 69, section 5, line 1) is 

L — j;=e = 111 kilos, (approx.). 

[To confirm. These 111 kilos., if the air is quite saturated at 0° and only 
three-fourths saturated at 20° C, can in fa^t take up for evaporation C, = 1000 x 
0*473 = 473 calories, for, by Table 1 (see Drying by Means of Steam and Air)^ 
the amount of water which can be absorbed by 1 kilo, of air under these con- 
ditions is de - da = 0*01103 - 0-00387 = 0*00716 kilo., therefore 111 kilos, absorb 
lll{de - da) = 0*79476 kilo, of water, for which (on our assumption) C, = 0*79476 
X 600 = 476*8 calories are required.] 

The fifth lines contain the volume, v^ of the weight of air, L, at 
the external temperature, t,^. This volume of air is obtained by 
dividing the weight of air, L, by the weight of 1 cub. m. of dry air at 
the proper temperature (obtained from Table 1, column 8, of Drying 
by Means of Steam and Air). 

In the above example, 111 kilos, of air at O^G. occupy a space of —^^-^ = 86 

1*283 

cub. m. 

The sixth lines then give the weight of vapour which is evaporated 
from the water by the calculated weight of air, L, which weight may 
thus be regarded as loss in the cooling apparatus. This is for a total 
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The heat taken op by 1 kilo, of air in becoming heated, C„ and by 
evaporation, C,. The fraction of the total absorption of heat due 



to beating. 



C, 
C. + o; 



and to evaporation, ^ 



The requiate 



weight of air, L, and volume, V^, and also the evaporation ol 
water for the ab'itraction of 1000 calories. For temperatures of 
the completely satm^ted external air of - 20° to + 30° C. end 
temperatures of the outlet of the three-fourths saturated iur 
from 5° to 40° C. 
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abstmctioQ of heat of 1000 calories and on tim aSKumption that the 
extenia.1 air is completely, and the emergent air three-foucthe, satu- 
rated with water vapour. 

It often happens that the externRl air is not completely and the 
emergent air is more than three- fourths saturated. In that case 1 
kilo, of water absorhs more moisture than is assumed in the table. 
Consequently less air is used for cooling the water and, on the other 
hand, more water is evaporated. In many cases 4'^ to ^^ of the 
water to be cooled is removed by the air. 

Ill using Table 69, it is first necessary to calculate how many 
calories must be withdrawn in one hour from the water to he cooled ; 
the table then gives the weight and volume of the air and the evapor- 
ation of water per 1000 calories. 

The surface of the water, which must be in contact with the air 
in order to produce the desired cooling, is still to be calculated. 

If C, be the heat to be taken from the water to warm the air, not 
by evaporation, O the surface of the water in sq. m., s, the time of 
cooling in hours, 6,^ the mean difference in temperature between 
water and air, k, the coefficient of transmission, v, the velocity in m. 
per sec. with which tlie air passes over the water, then, by the usual 
principles, 

C, = z,Okfi,„ (247) 

and the surface requisite for the cooling by means of air is 



= 



(248) 
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« 

The transmission coefficient for towers, in which drops are 
abundantly formed, is 

A;, = 2 -f 18 nA?;, 

for plane surfaces over which the water flows, 

^^ = 2 + 12 V^ (249) 

for water quite at rest a smaller coefficient must be taken, 

A:, = 2 + 10 x/^; (250) 

The velocity of the air, r^, in the atmosphere is very variable ; it 
may be as high as 40 m., but even when there is no wind it is 
generally about l'5-2 m., which figures must be employed in calcula- 
tion. In cooling apparatus made after the fashion of a chimney, in 
which the air rises in consequence of being heated, it moves with a 
velocity of about 3 m. When the air is blown by fans through the 
chimney, the velocity may be arbitrarily fixed at 6-12 m. The large 
volumes of air required are rarely moved by artificial means on 
account of the cost. 

The fresh air from fans is naturally made to enter below in order 
to obtain counter -currents of air and water. 

The mean difference in temperature^ 0^, is to be determined by 
means of Chapter I., Table 1. 

It may be seen from the third lines of Table 69 that the heat to 
be abstracted by warming the air, in proportion to the whole amount 
to be given up, is least when the air is heated by the water to about 
15** C, on the hypothesis that the atmospheric air enters the apparatus 
completely saturated and leaves it three-fourths saturated. 

If the external air is cold, the emergent air will also be cool, and 
the temperature difference between air and water will then be large. 
On the other hand, if the external air is warm, it leaves still warmer, 
and the mean temperature difference is then much less. As Table 69 
shows, in the former case the air takes up more heat by being warmed, 
in the latter case more by the formation of vapour. 

The consumption of air is the least when it enters very cold and 
leaves very warm. The necessary water-surface is the least when 
unhmited quantities of air flow over it. If, in a definite case, the air 
is always to receive the same increase in temperature, then, whilst 
the temperatures of the water remain the same, a lower temperature 
of the air necessitates more air and a smaller surface for the water. 
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Air which is originally cold naturally is warmed through a greater 

range of temperature than air originally warm ; thus the consumption 

of air is approximately constant, but the former takes up more heat 

from the same surface. Ceteris paribus, cold air cools better than 

warm air. 

Example. — In Zh = I hour, 10,000 kilos, of water are to be cooled from 40° to 
22^0., for which d = 10,000(40 - 22) = 180,000 calories are to be abstracted. 
The air moves with a velocity of 2 m. — (1) it is originally at 0°, and is warmed 
to 25° C. ; (2) it is at 20°, and is warmed to 35° C. The temperature-differences 
between air and water are : — 

1. Air warmed from 0° to 25°-- 

at the top, Oa = 40° - 25° = 16° ; at the bottom, «« = 22° - 0° = 22°. 
The mean difference is, by Table 1 (since ^ = 0*682), 

e„ = 0-44 X 22 = 9-68°. 

2. Air warmed from 20° to 36°— 

at the top, Oa = 40° - 35° = 6°, at the bottom 6, = 22° - 20° = 2°. 

The mean difference, by Table 1, (since | = 0*4) is 

e« = 0-658 X 5 = 3-39°. 

In the first case, from Table 69, 0*475 of the total amount of heat is to be 

withdrawn by heating the air, C« = 180,000 x 0*475 = 85,500 calories. In the 

second case, Ce = 180,000 x 0*827 = 58,860 calories. 

Thus, when cold air enters, the water-surface necessary in a cooling tower is 

^ 85,000 „^ 

O = — —i= = 300 sq. m. (approx.), 

(2 + 18 N^2)9*68 ^ \ fif n 

and when ir<ir))i air enters 

58,860 

O = = 730 so. m. (approx.). 

(2 + 18 \'2)3-89 

The requisite weight of air is in the first case 
in the second case 

The surface which the toater presents to the air must change as 
frequently and rapidly as possible. For heat penetrates slowly into 
a mass of water at rest (Chapter XX., 8, Table 46), rapidly warming 
the external layers to a slight depth, but then entering the interior 
very slowly, and the laws which govern this action also apply, if the 
expression be permitted, to the penetration of cold into the mass of 
water. The figures given in Table 50 hold good also for the decrease 
in temperature of jets of water which fall from step to step in a 
current of cold air. 

The best cooling apparatus will thus always be in the form of a 
staging with the greatest possible number of low steps, over which the 
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air passes rapidly, either sideways or drawn upwards by a chimney. 
Mechanical acceleration of the motion of the air will be advantageous 
in but a few rare cases. 

1000 litres of water, which fall through 6 m. in the finest state of 
division, form a surface of about 4-6 sq. m., which is however insuf- 
ficient to cool the water. The remaining surface required must be 
provided in another way, as by surfaces over which the water flows, 
which must be of ample dimensions since they are generally not 
wetted throughout. 

We now give a few examples, collected in Table 70, of open 
stagings (ooohng towers) through which air circulates freely. In 
quite open stagings without a chimney the temperature difference is 
greater, which is an advantage, but then the motion of the air is 
somewhat slower than with a chimney. 

Observed Examples. — By means of a cooling tower, with many steps and a 

natural access of air, 3 x 12 = 36 sq. m. in ground area, 4800 mm. high, and with 

322*5 sq. m. of wooden surface over which the water flowed, 22,800 litres of water 

were cooled in one hour from 50° to 2(f C, when the air entered at 2*5° C. and 

left at the different stages at 8*5°, 14*5°, 20*5° C. From the water were to be 

abstracted 

C» = 22,800(50 - 20) = 684,000 calories. 

1 kilo, of saturated air at 2*5° contains 0*0046 kilo, of water. 
1 ,, ,, ,, 8*5 „ 0*0069 „ ,, 

1 „ „ „ 14-5° „ 0*0107 „ 

1 „ „ „ 20*5° „ 0*0163 „ 

The mean of the last three numbers is 0*01096 kilo. 

If the air which leaves the staging is only saturated to the extent of 80 per 
cent., then 1 kilo, contains 0*01096 x 0*8 = 0*008768 kilo, of water. 

1 kilo, of air thus taken up by evaporation 0*008768 - 00046 = 0*00416 kilo, 
of vapour, which corresponds to 2*496 calories. 

The air is heated on the average from 2*5° to 12*5°, t.^., through 10° C, con- 
sequently 1 kilo, taken up by being heated 10 x 0*2375 = 2*375 calories. 
Thus 1 kilo, of air takes up a total of 2*496 + 2*375 = 4*871 calories. 
Of the total quantity of heat to be abstracted from the water, the air takes 

. ,. 2*496 X 684,000 ^o/. aoo i • 
by evaporation, "TTotT"^ = 380,438 calories ; 

, , ,. 2*375 X 684,000 ^„ ^^„ , . 
by heating, l-gfT — ^ 293.562 calories. 

The surface of the apparatus over which water flowed was 322*5 sq. m. 

The wetted surface underneath was estimated at - 60*0 „ 
The surface of the falling drops was about 6 sq. m. per 

1000 litres, i.e., = 6 x 22*8 = 136*0 



Total - O = 618*5 



»» 
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Table 70. 



Examples of the direct cooling by air 
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25000 
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50 
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45 
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The water loses by evaporation - kilos. 


18-1 
26 


24 


15 


Necessarj' surface of the water, in sq. m. 


37-5 
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2440 


36 


Necessary weight of air at entry, in kilos. L 


3108 


2570 


2000 


5900 


Necessary volume of air at entry,in cub. m. Vi 


2716 


2086 


1626 


4400 
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of water in a line state of division. 



Table 70. 



60 


60 


60 
.. 

20 



60 


60 


60 


60 


60 


60 


60 


60 


m 


26 
10 


16 


20 


30 


35 


25 


26 


40 


80 


25 
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The mean temperature-difference was 27°, hence the coefficient of transmission 

C _ 293.562 _ 
^'-OFn,- 618-5 X 27 - ^^ ^• 

The weight of air required for cooling is 

L = ^^ = 128.600 kUog. 

123 600 
The volume Vi = - -^' _ = 100,000 cub. m. (approximately), i.«., 28 cub. m. 

per sec. If the air meets the apparatus obliquely, the velocity would be about 
1*2 m., and the calculated coefficient would be 

^, = 2 + 18 slv2 = 22. 

2. A chimney cooler with 18 plates, 1500 by 4800 mm., having a total wetted 
surface of 259 sq. m., cooled 18,500 litres of water per hour from 39° to 22° C. 
by means of 44,000 cub. m. of air, blown in by a fan (1100 mm. diameter, 300 
revolutions) at 12*5° C. and leaving at 18*8° C. at the top. The air was saturated 
originally to the extent of 67 per cent. 

From the water are to be taken 

Cjfc = 18,500(39 - 22) = 814,500 calories. 

1 kilo, of air at 12*5° contains 000926 kilo, of water when completely saturated. 
1 „ „ 12*5° „ 00062042 „ „ 67*5 per cent. 

1 „ „ 18*8° „ 00140 „ „ completely 

Thus, 1 kilo, of air takes up by evaporatioti, 

0*014 - 00062042 = 00078 kilo, of water, which requires 4*68 calories. 

1 kilo, of air absorbs in being heated from 12-5° to 

18-8°, 6-3 X 0-2375 = 1*496 „ 



It 



Total - 6176 



Accordingly the air takes up 



, ,. 4-68 X 314,500 ^^^ ^^„ , . 
by evaporation, ' — = 238,307 calones ; 

, , ^. 1-496 X 314,500 „^ ,^^ , . 
by heating, = 76*193 calones. 

The velocity of the air was 3*8 m. per sec, the temperature-difference 14° C, 
consequently the obseived coefficient of transmission 

k.-J^- "^^'^^^ -23*8 
"'"mn- 259~x"T4 - ^^ ^• 

The calculated coefficient of transmission is 

k =2 + 12 \/Wa = 24. 
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H, Cooling Air by Water. 

Atmospheric air always contains more or less moisture in the 
form of vapour. The maximum amount of vapour in 1 cub. m. of 
air is equal to the weight of 1 cub. m. of saturated vapour at the 
temperature of the air. If air which contains much moisture is 
considerably cooled, it generally reaches a condition in which it can 
contain only a smaller weight of vapour, and consequently the excess 
of vapour must separate, i.e., be condensed.^ 

Thus, if a certain volume of air is to be artificially cooled in a 
certain time, it is necessary to take from it as much heat as is 
required : 

1. To cool the dry air itself. 

2. To condense the vapour which must be separated. 
Let L = weight of air to be cooled, 

<r, = its specific heat = 0*2375, 

ti„ = its temperature before cooling (at the beginning), 
tu, = „ after „ (at the end), 

d^ = the weight of vapour in 1 kilo, of air before cooling, 
o, = ») »» n »> after ,, 

c = the total heat of 1 kilo, of vapour. 

Then in order to cool the air from t,„ to ^^ it is necessary to abstract 
the following amount of heat : — 

C = La,{t,, - Q + L{d„ - d,) (c - Q. 

In atmospheric air there is rarely more than 95 per cent, of the 
maximum quantity of vapour possible, generally there is considerably 
less. Even when moist air is strongly cooled, so that it deposits 
water, it does not remain saturated with vapour. 

If we assume that the atmospheric air is saturated to the extent 
of 80 per cent., and also that its degree of saturation is 80 per cent, 
after cooling through a certain range of temperature, then the above 
equation gives, for cooling 100 cub. m. of air, the quantities of heat 
which are arranged in the table on the next page. 

' See Hausbrand, Drying by Means of Steam and Air (Soott, Greenwood & Co., 
liondon), for amount of vapour in air at different temperatures. 
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The necessary quantity of cooUmj water depends on its initial and 
final teinperaturea, t„ and t„ it is 



The cooliruj surface, for the cooling of definite quantities of air, ia 
obtained from th<j ordinary equation : 
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Table 71. 
The temperature dlEFerence, 6„, consumption of cooling water, W, and 
the necessary eurfaoe, ff„ of water in rapid naotion, in order to 
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If the velocity of the air it greater than 1 m. pet bi 
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the Bur(ace» of direct contact with the rapidly moving cooling water, Ht, required 
to cool 100 cab. m. per hour, are obtained by multipljing the figurea in the above 
Tableby 1 lO-ySlO-GOIO-OSlO-iSIO'Jl 

If the air flows put a cooled metallic surface, its neceasary superfioiea is ob- 
tained by mnltiplyins (he above luriBceH if*, by 

1-661 l-0611-O*10-90|0-8a|0-76 
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The coefficient of transmission of heat, k^^ in this equation may be 
assumed to be : 

1. When the cooling surfaces are metallic walls, 

A:, = 2 + 10 V^ (253) 

2. When the cooling surface consists of moving and rapidly 
changing surfaces of water, jets or drops. 

k, = 2 + lS Jvt (254) 

The mean temperature difference is obtained from the initial and 
final dififerences in temperature between air and cooling water, and 
must he calculated in the usual manner for each case by means of 
Chapter I., Table 1. 



CHAPTER XXIII. 

THE VOLUMES TO BE EXHAUSTED FROM CONDENSERS BY THE 

AIR-PUMPS. 

A. General. 

]n this chapter we proceed to determine the volume of gas and 
vapour which the air-pump must exhaust from any condenser, 
vhence the dimensions of the pump are obtained. 

The air and incondensible gases which obtain admittance to the 
condenser are derived from : 

1. The liquid to be evaporated. 

2. The injected cooling water. 

3. Leaks in the apparatus and pipes, which are rarely entirely 
ibsent. 

The volume of air, introduced into the condenser by each of these 
sources separately, is seldom to be ascertained in any particular case. 
[t is therefore necessary to be content with an approximate estimate 
)f the total quantity of air introduced in all three ways and after- 
wards to be removed. It is usual to express this total quantity of 
iir as a fraction of the injected water. Although there are certain 
x>nnections between the quantity of the cooling water and that of the 
lir to be exhausted, yet the latter is certainly not directly proportional 
o the quantity of cooling water. If we however assume such a 
Droportionality, as is the custom, it is done because only in this 
nanner is a basis for our considerations to be found. It will of 
course be permissible to modify or specialise for particular conditions 
:^he assumptions here made. 

In view of the large volumes of gas which cold water can contain 
[97 volumes per cent, of carbonic acid at IT C, 15,200 per cent, of 
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sulphurous acid at 14*' C, 326 per cent, of sulphuretted hydrogen at 
14*6**, 73,700 per cent, of ammonia at 14*14) it is necessary to assume 
that the injected water used for condensation may frequently contain 
considerable quantities of gases. 

On the other hand, it is usual to assume (after Bunsen, Gaso- 
metHsche Methodeti, 1857) that rain water and most spring waters 
contain about 2*5 volumes per cent, of atmospheric air. Springs are 
known the water of which contains 12 volumes of gas per cent. 

The liquids to be evaporated also contain very variable, and often 
considerable, quantities of gases, especially ammonia. In this case 
also 2*5 per cent, may be taken as the average. 

Finally, the leakages in the apparatus and pipes are to be con- 
sidered. We assume that the quantity of air entering through 
faulty joints, cracked glasses and defective metallic connections, is 
equal to 10 volumes per cent, of the cooling water employed. 

Thus the air introduced into the condenser is 2 -6 + 2*5 + 10 = 15 
volumes per cent, of the cooling water. For safety, and in order to 
allow for the possible presence of other gases than air in the cooling 
water, this number will be still further increased. We shall assume 
that incondensible gases to the extent of about 20 volumes per cent, 
of the cooling water are carried into the condenser, *.e., that for every 
1000 litres of cooling water 200 litres of air (and other gases) enter 
the condenser. 

Now 1 cub. 111. of air under atmospheric pressure at 0° C. weighs 
1-294 kilo, and at 15" C. 1-2266 kilo., thus 200 litres of air weigh 
about 0'2o kilo. ; therefore we shall take as the basis of the following 
calculation the assumption that, for every 1000 Utres of cooling water, 
0*25 kilo, of air is introduced into the condenser and must be pumped 
out. 

From equation (176), W = -j -—, and Table 41, we know the 

quantity of cooling water required in each case ; therefore we can at 
once find, on the basis of the above somewhat arbitrary but suf- 
ficient assumption, the weight of air to be exhausted from the 
condenser. 

The so-called wet and dry air-pumps must now be considered 
separately. 
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B. The Volume of Air to be exhausted from Wet Jet- 
Condensers, 

By a ** wet " air-pump is understood a pump which, together with 
the air, takes in the whole of the water from the condenser and 
forces it away. 

The air to he removed from the condenser is invariably mixed 
with vapour at the same temperature as the air. The common tem- 
perature of the air and vapour depends on that of the water with 
which they were last in contact. In wet condensers the mixture of 
air and vapour remains together with the quite warm water to be 
drawn off (formed from the injected water and the condensed steam), 
and goes with it into the pump. It has therefore almost the same 
temperature as the water. In counter-current condensers the air is 
last in contact with cold injected water, which has just entered, and 
thus is cold when it reaches the air-pump. 

A wet condenser can be so arranged that the air-pump exhausts 
the warm water from the bottom and the air, which is then cold, 
because it was last in contact with the injected water, at the top. 
The cold air, however, then enters the pump along with the warm 
water, and is rapidly heated by it and the vapours rising from it, 
since its weight is small in proportion to that of the water. The 
final condition between air and vapour is thus also in this case quite 
similar to the ordinary condition in which air and water are taken 
off together, although not quite the same. The vapour, which is 
mixed with the air, has always the temperature of the waste water 
in wet condensers, consequently the pressure it exerts is the greater 
the warmer the water which flows away. The pressure of the air 
(and thus its weight per cub. m.), which, together with the pressure 
of the vapour, gives the totaJ pressure, is the greater the colder the 
water exhausted by the pump. 

The volume of the air depends on its pressure (which is only a 
portion of the total pressure in the condenser) and its temperature ; 
it may be calculated as was done in Chapter XX., 9, and in Table 47. 

Let W a the weight of injected water. 

L « the weight of air in the water. On our 'assumption 

L^TF^ kilos (256) 

1000 ^ 
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Vi^ = the volume of air in cub. m., which is to be exhausted 

from the wet condenser, F„ from the dry condenser, 

and Vu, from the surface condenser. 
ai = the volume of 1 kilo, of air in cub. m. 
yi = the weight of 1 cub. m. of air in kilos. 
J) = the pressure of the atmosphere in kilos, per sq. m. - 

10,336 kilos. 
t^ = the temperature of the waste water, 
a = the coefficient of expansion of air = 0*003665. 
h = the pressure of the air in the condenser in mm. of 

mercury. 

T = the absolute temperature, T = - + t, = 273 + i«. 

a 

By the laws of Mariotte and Gay Lussac -^ = 2^, a constant, 

which for air is 29*27. 

Thus 1 kilo, of air has the volume 

a, = ?Z?jtJ?29-27 (256) 

V 
and L kilos, of air have the volume 

P,^^^ 1^(273 + ^29.27 (257) 

P 

For a pressure, which is — - of the atmospheric when measured 
in mm. of mercury, the volume of the L kilos, of air is 

F„. = ^(273 + 02927?f (258) 

p 

or, inserting the numerical values, 

y _ TrO-25(273 + 029-27 x 760 _ (..k^o^W^ + t.) ,„-q. 

In the case of every evaporator the weight of steam passed into 
the condenser, which is equal to the weight of water to be evaporated, 
is given. The weight of the injected water, W, then follows by means 
of equation (176) and Table 41, if its initial and final teuiperatui-es 
are known. Both these temperatures may be given under certain 
circumstances, but under others they must be assumed after examin- 
ing the case. From the weight of the injected water there follows, on 
our hypothesis, the weight of the air introduced into the condenser. 
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The vacuum, or, what is the same thing, the absolute pressure in 
the condenser, can generally be fixed as desired. It will naturally 
be endeavoured to reach the highest possible vacuum, i.e., the lowest 
possible pressure. 

The volume of air to be exhausted is obtained at once, from its 
known weight and the vacuum decided upon, by equation (200) and 
Table 47. 

Example, — Water at ta — 10° C. is at disposal to condense 100 kilos, of steam ; 
it is to flow away at U = 40° G. The vacuum is to be 680 mm., t.«., the absolute 
pressure is to be 760 - 680 = 80 nmi. By Chapter XX., Table 41, the injected 
water is then W == 1960 kilos.; the tension of the vapour is 54*9 mm. at 40° C, 
and since the total pressure is 80 mm., the pressure of the air, 6 = 80 - 54*9 = 25*1 
mm. All the necessary figures for calculating out the equations are now given. 

The weight of the air L = 1?^^^^^ = 0484 kilo. 

The volimie of 1 kilo, of air at 40° C. and 25*1 mm. pressure is, by Table 47, 

at = 27,020 litres. Consequently the volume of 0*484 kilo, of air is (for 100 kilos. 

of steam) 

Vm = La, = 0*484 x 27,020 = 13,070 litres. 

The wot air-pump has therefore to remove, in the condensation of 100 kilos, of 

steam, 1960 kilos, of water + 100 kilos, from steam and 13,070 litres of air, in all 

15,130 litres. 

In Table 72 are given the quantities of injected water and the 
volumes of air, which must be exhausted by wet air-pumps, for 
vacua of 600-740 mm., for initial temperatures of the cooling water 
of t^ = 5°-35° C, and final temperatures of t^ = 10°-50° C. 

If the injected water and the liquid to be evaporated con- 
tain more or less air and gases, and the apparatus is more or less 
air-tight than we have assumed, the volume of air given in Table 
72 must be increased or diminished in proportion to the altered cir- 
cumstances. The figures in the table are determined for actual use, 
and for most cases are to be regarded as abundant. But if the water 
employed contains, c.g.f not 20 per cent, (by volume), but 15 per cent, 
of gases, the volume of air to be exhausted is I g of that given in Table 72. 

Table 72 not only (jives the actual quantities of icater and air to he 
exhausted, it also shotvs that for any determined vacuiim ami any 
temperature of the injected water there is a definite most favourable 
temperature for the wa^te water, at which the volume of air to be 
exhausted is least. The reason for this is, that the higher the tem- 
perature of the waste water the less water is required, and consequently 
the less air is introduced into the condenser ; but the warmer the waste 
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Tabij; 72. 

ThG cooling water required, &dA the volume of air to be exhausted, ia 
litres, for the evaporation of 100 kilos, of water at vacua of 
600-740 mm., with the cooling water at initial temperatures of 
(, = 5°-30° C and at final tempemtares of (, = 10'-50° C, for 
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140 


68-S 


624 


15 


50 


1640 


48-02 


0-410 


5970 












20 


25 
30 
35 
40 
44 


11980 
5940 
3927 
2920 
2316 


116-45 
108-45 
98-17 
85-1 
68-61 


2-995 

1-485 
0-982 
0-730 

0-579 


16565 

8969 
6662 
5798" 
5802 








" 




■50 


1913 


48-02 


0-478 


6960 










25 


30 


11880 


108-45 


2-970 


17939 








1 :; 




35 


3890 


9817 


1-473 


9991 












40 


3893 


85-1 


0-973 


7727 








1 




45 


2895 


68-61 


0-724 


7168- 












50 


2296 


48-02 0-574 


8357 








i :: 


30 


35 
40 
45 
50 


11780 
5840 
3860 
2870 


98-17 2-945 

85-1 1-460 
68-61 0-965 
48-02 0-718 


19982 

11595 
9581* 
10447 










35 


40 

45 


11680 
5790 


85-1 2-920 
68-61 , 1-448 


23191 
14377* 


640 


120 




5 623 


5 
ill 


10 
15 
20 
25 
30 
35 
40 
45 
60 
15 
20 
25 
30 
35 
40 
45 
50 


12260 
6080 
4020 
2990 
2372 
1960 
1666 
1445 
1273 

12160 
6030 
3991 
2965 
2352 
1943 
1680 
1433 


110-8 3-062 
107-3 ' 1-520 
102-61 lOOo 
96-45 0-748 
88-45 0-593 
78-17 0-490 
65-1 1 0-417 
48-61 0-361 
28-02 0-318 
107-3 3-040 
102-61 1 1-508 
96-45 1 0-998 
88-45 0-741 
78-17 1 0-588 
65-1 0-486 
48-61 0-420 
2802 0-358 


1690S 
8811 
6205 
5014 
4390 
4171* 
4280 
5103 
7956 

17632 
9310 
6675 
548H 
5005' 
5061 
5937 
8957 










15 


20 


12060 


102-61 3 015 


18618 



THE AIR FROM WET C0NDENSEB3. 
Table 72 — (continued). 



^ 


1 


steam. 


Cooling 


...„. 


Air. 


1 
1 


1 
1 


si 

A 


1 


5 


i 


f 


i 


-"- 


"-- 


°C. 


- 


(.. 


'- 1 '^'°^- 


mm. 


ki1i>£. 


Litres. 


640 


120 


55 


623 


15 


25 


5980 


9645 


1-495 


9990 




^j 








30 


3953 


88'45 


0-988 


7316 












35 


2940 


7817 


0-735 


6262 












40 


2332 


65-1 


0-583 


6085* 












45 


1927 


48-61 


0-482 


8599 












50 


1637 


28-02 


0-409 


10233 










20 


25 


11960 


96 45 


2-990 


21979 












30 


5930 


88' 45 


1-482 


10971 












35 


3920 


7817 


0-980 


7342* 












40 


2915 


651 


0-729 


7592 












45 


2312 


48-61 


0-578 


8167 












50 


1910 


28'02 


0-478 


11959 










25 


30 


11860 


88'45 


2-965 


21950 












35 


5880 


78' 17 


1-470 


12513 




][ 




.. 


|] 


40 


3857 


66-1 


0-972 


10122* 




'^ 






"^ 


45 


2890 


48-61 


0-723 


10213 








'', 




50 


2292 


28-02 


0-573 


14336 










30 


35 


11760 


78-17 


2-940 


25025 












40 


5830 


65-1 


1-458 


15184 












45 


3854 


48-61 


0-964 


13620" 












50 


2865 


28-02 


0-716 


17914 










35 


40 


11660 


65-1 


2-915 


30357 












45 


6780 


48-61 


1-445 


20427" 


660 


100 


52 


622 


5 


10 


12240 


90-8 


3-060 


20869 












15 1 6070 


87-3 


1-518 


10823 












20 4013 


62-61 


1-003 


7692 












25 2985 


76-45 


0-746 


6284 












30 3368 


68-45 


0-592 


5673 












35 1957 


58-17 


0-489 


5599" 












40 1663 


451 


0-416 


6232 












45 1443 


28-61 


0-361 


8718 












50 1271 


8-02 


0-318 


28458 






:: 




10 


15 ! 12140 
20 : 6020 
25 3980 

30 1 2960 

1 


87-3 
82-61 
76-45 
6845 


3 035 
1-505 
0-995 
0-740 


21640 
11543 

8382 
7091 



EVAPOBATING AND CONDENSING APPABATCS. 
Table 72—(contiuu<^d). 











Stewn. 


Cooling water. 




Air. 







? 

1 


£ 




£ ,. 






















Q 


2 


3 1 




1 -■ 


g 


. 


2 


1 


i 


1 ' 1 

°C. c. 


3- 


^1 


t 
kilos. 


1 

mm. 


-a 
1 

kiliHi. 


1 

LiiM. 


660 


100 


S2 


632 


10 


35 


2348 


58-17 


0-687 


6721* 






_^ 






40 


1940 


461 


0-485 


7265 














[* 


45 


1677 


28-61 


0-419 


10118 
















50 


1430 


8-02 


0-358 


31791 














15 


20 
25 
30 
35 
40 
45 
50 


12040 
5970 
3946 
2935 
2328 
1923 
1634 


82-61 
76-45 
68-45 
58-17 
45-1 
28-61 
8-02 


3-010 
1-493 
0-987 
0-734 
0-582 
0-481 
0-409 


22966 
12578 
9462 
8403" 
8718 
11611 
36555 














20 


25 
30 
35 
40 
45 
50 


11940 
5920 
3913 
2910 
2308 
1907 


76-45 
68-45 
58-17 
45-1 
28-61 
8-02 


2-985 
1-480 
0-978 
0-728 
0-577 
0-477 


25164 

14181 
11098 
11030" 
13715 
42687 














25 


30 
35 
40 

45 


11840 
5870 
3880 
2885 


68-45 
58-17 
4-5-1 
28-61 


2960 
1-468 
0970 
0-721 


2S364 
16803 
14331' 
17219 












„ 




50 1 2288 


8-02 


0-572 


51188 














30 


35 ! 11740 
40 1 5820 
45 1, 3847 


68-17 

45-1 

28-61 


2-935 
1-456 
0-962 


33306 
21796« 
23232 
















50 


2860 


8-02 


0-715 


63965 












" 


35 


40 
45 


11640 
5770 


451 
28-61 


2-910 
1-443 


43592 

34836* 


6 


SO 


8 





48 


621 


5 


10 
15 
20 
2.5 
30 
35 
40 
45 


12220 
6060 
4006 
2980 
2364 
1453 
1660 
U40 


70-8 
67-3 
62-61 
56-45 
48-45 
38-17 
25-1 
8-61 


3-073 
1-515 
1-001 
0-745 
0-591 
0-488 
0-415 
0-360 


24759 
14053 
10150 
8508 
6961 • 
8535 
11176 
29635 



THE AIR FBOH WBT CONDENSERS. 
Table 72 — {conlinueii). 



1 


2 

1 
3 

= 

< 


Stoam. 


Cooling water. 


Air, 


1 

5 
t. 


1 
1 


t 
.32 




1 


S 


t 


1 


»"• 


»»• 


"C. 


'■ 


/.. 


t.. 


kilos. 


mm. 


kilM. 


Litres. 


680 


80 


48 


621 


5 


50 1269 
















10 


15 12120 


67'3 


3-030 


28106 








][ 




20 


6010 


62-61 


1-502 


15230 










|[ 


25 


3970 


56 45 


0-993 


11334 










30 


2955 


48'45 


0-739 


9952- 






', \ "„ 




35 


2344 


38-17 


0-586 


10249 








'.!■ 40 


1937 


25-1 


0-484 


13070 










45 


1674 


,8-61 


0-419 


44492 








15 


20 


12020 


62-61 


3-005 


30501 










25 


5960 


56-45 


1-490 


17016 










30 


3940 


48-45 


0-985 


13337 










35 


2930 


38-17 


0-733 


12600* 










40 2324 


251 


0-581 


15646 










45 ' 1920 


8-61 


0-480 


39513 








20 


25 1 11920 


56-45 


2-980 


34034 








^^ 


30 5910 


48-45 


1-478 


19909 










35 1 3903 


38-17 


0-976 


17070* 










40 1 2905 


25-1 


0-726 


19602 










45 . 2304 


8-61 


0-576 


47992 










25 


30 1 11820 
35 ! 5860 
40 1 3877 
45 1 2880 


48-45 
38-17 
251 
8-61 


2-960 
1-465 
0-969 
0-720 


39804 
25623* 

26102 
59270 








;^ 


30 


35 11720 
40 J 5810 
45 ; 3840 


38-17 
25-1 
8-61 


2-930 
1-453 

0-996 


51246 
39116* 
79027 










35 


40 . 11620 
45 1 5760 


25-1 

8-61 


2-905 
1-440 


78234* 
118541 


700 


60 


44 


619 


5 


10 12180 
15 1 6040 
20 1 3993 
25 . 2970 
30 2356 
35 ' 1947 
40 1 1654 


50-8 
47-3 
42-61 
36-45 
28-45 
18-17 
5-1 


3-045 
1-510 
0-998 
0743 

0-589 
0-487 
0-414 


36723 

17818 

14870 

13166* 

13641 

17946 

51936 










ib 


15 12080 


47-3 


3-020 


37616 



EVAPOBATING AMD COSDEJfSISJO APPARATDS. 
Table 7i—{co,uintied]. 









Steam. 


Cooling water. 


Air. 


1 


t 


1 


1 
5 


i 
1 


^- 


g 




2 


I 


1 

< 




1 


If 




3 

1 




i 

1 


S 
1 


700 


m 





'C, 


■■ 


t.. 


'.. 


kilos. 


mm. 


kiloB. 


Liim. 


6 


44 619 


10 


20 


5990 


42-61 


1-498 


22320 




. 






25 


3960 


3645 


0-990 


17543 












30 


2945 


28-45 


0-736 


17046- 












35 


2336 


18-17 


0-584 


21520 












40 


1930 


5-1 


0-483 


60520 










15 


20 


11980 


42-61 


2-995 


44495 












25 


5940 


36-45 


1-485 


26314 












30 


3927 


28-45 


0-982 


22743* 












35 


2920 


18-17 


0-730 


27500 












40 


2316 


5-1 


0-679 


77169 










20 


25 


11880 


36-45 


3-970 


52628 












30 


5890 


28-45 


1-473 


341 15« 












35 


3893 


18-17 


0-976 


35965 












40 


2895 


5-1 


0-724 


90826 










25 


30 


11780 


28-45 


2945 


68204 












35 


5840 


18-17 


1-460 


53801" 












40 


38(i() 


5-1 


0-965 


121059 










io 


35 


ll(i80 


18-17 


2-920 


107602* 












4U 


5790 


5-1 


1-448 


181640 










35 


40 


11580 


5-1 


2-895 


363177 


710 







3a 618 


5 


10 


12160 


40-8 


3-040 


46661 












15 


6059 


37-3 


1-508 


25259 












20 


3986 


32-61 


0-997 


18474 












25 


2955 


26-45 1 0741 


18147* 












30 


2352 


18-46 


0-588 


20997 












35 


1943 


8-17 


0-486 


40780 










ih 


15 


12060 


37-3 


3-015 


50501 












20 


5980 


32-61 


1-495 


27601 












25 


3953 


26-45 


0-988 


24460* 












30 


2940 


18-45 


0-735 


26247 










., 


35 


2332 


8-17 


0-583 


48920 








!' ' !! 


15 


20 


11960 


32-61 


2-990 


58375 








"■• '■ 




25 


5930 


26-45 


1-483 


36322 












30 


3920 


18-45 


0-980 


35106' 










\] 


35 


2915 


8-17 


0-729 


51268 








'■'■ ' '■■ 


20 


25 


11860 


26-45 


2-965 


73013 



THE AlB FROM WET C0NDEKSEB3. 
Table 7-2—(conlmmd). 



I 


E 

1 

1 


steam. 


Cooling water. 


Air. 


1 i3 

1 3 


i 

A 


ll 


it 
t 


j 


i 


1 


,u„. 


■""■ 


°C. e. 


-.. 


'- 


kilos. 


"»■ 


kilos. 


Litres. 


710 


50 


1 
38 618 


20 


30 


5880 


18-45 


1-470 


52494* 






1 




35 


3«87 


8'17 


0-972 


81544 






1 


25 


30 


11760 


18.45 


2-940 


104587* 






" 




35 


5830 


8'17 


1-458 


122341 








30 


35 


11660 


8-17 


2-915 


244597 


720 


40 


34-5 1 617 


5 


10 


12140 


30-8 


3-035 


60457 






.. 




15 


6020 


27-3 


1-505 


34404 










20 


3980 


22-61 


0995 


27108* 












25 


2960 


16-45 


0-740 


28986 












30 


2348 


8-45 


0-587 


46937 










if) 


15 


12040 


27-3 


3-010 


68809 












20 


5970 


22-61 


1-493 


42312 












25 


3946 


16-45 


0-987 


38641* 












30 


2935 


8-45 


0-734 


58690 










15 


20 


11940 


22-61 


2-985 


84565 












23 


5920 


16-45 


1-480 


58134* 












30 


3913 


8-45 


0-978 


79472 










20 


25 


11840 


16-45 


2-960 


116269 












30 


5870 


8-45 


1-468 


117541 






"^ 




25 


30 


11740 


8-45 


2-935 


234682 


730 


30 


29 


615 


5 


10 


12110 


20-8 


3-028 


89599 












15 


6000 


17-3 


1-500 


54090 












20 


3966 


12-61 


0-991 


50174* 












25 


2950 


6-45 


0-738 


123277 






" 




il) 


15 


12000 


17-3 


3-000 


108180 












20 


5950 


12-61 


1-488 


76337* 












25 


3933 


6-46 


0-983 


100065 










15 


20 


11900 


12-61 


2-975 


147709 












25 


5900 


6-46 


1-475 


150553 










20 


25 


11800 


6-45 


2-950 


300605 


740 


20 


21 


613 


5 


10 


12060 


10-8 


3015 


172126 












15 


5980 


7-3 


1-495 


128929* 












20 


3950 


2-61 


0-985 


179950 










10 


15 


11960 


7-3 


2-990 


257868 












20 


5930 


2-61 


1-483 


270858 








■' 


16 


20 


11860 


2-61 


2965 


541676 
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water, tJie higher is the vapour jrressure over it, and therefore the lower 
is the pressure of the air and the greater its specific volume. 

On the supposition that the weight of air to be exhausted is 
directly proportional to that of the injected water, this most favour- 
able condition (the exhaustion of the least volume of air), which is 
indicated in Table 72 by an asterisk (*), also occurs at the same 
temperatures of the outflow if the cooling water has a proportion of air 
dififerent to that which we assumed. Unfortunately our supposition 
of the complete proportionality between air and water is not quite 
reliable. In reality, therefore, the most favoiirable condition fre- 
quently occurs at another temperature, which cannot be determined 
beforehand. It must sufiice to know that there is a most favourable 
temperature, which can well be found for apparatus at work. 

Since wet air-pumps must carry off the air in addition to the 
injected water, their dimensions must be so taken that to the volume 
of air to be exhausted, as given in Table 72, is added the injected 
water, W. 

C. The Volume of Air to be Exhausted from Dry Fall-pipe 

Jet-condensers. 

A dry air-pump is one which exhausts the air and uncondensed 
gases from the condenser, but jwt the water. It takes the air from 
the condenser at the place where the cooling water enters, and thus 
the exhausted air has quite or almost the temperature of this in- 
jected water, /„. 

On our assumption, the weight of air taken from the condenser — 
that to he exhausted by the air-pump — is directly proportional to the 
quantity of the injected water; therefore equation (255) gives here 
also the iveu/ht of air : 

^- 1000" (^^^> 

Equation (259) is used to determine the voliivie of air, V,„ which the 
dry air-pump has to carry away, with the difference, that instead of 
inserting the tempeniture of the waste water, t^, for that of the air, 
that of the entering water, t^, is to be used. 

, Tro-:25(273 + /„) 29-27 x 760 _ f,.:,^a^ W{21Z + t.) ..„,. 
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Table 73 has been calculated by means of this equation. In this 
case, as with wet condensers, a larger or smaller proportion of air in 
the injected water increases or diminishes the volume of air to be 
exhausted. 

The chief differences between wet and dry condensers (almost 
entirely to the advantage of the latter) are the following : — 

The temperature of the water from dry (fall-pipe) condensers may 
be higher than from wet condensers, since, as we know, it may 
almost attain the temperature of the vapours passing into the con- 
denser. Dry condensers, therefore, require much less water than 
wet condensers of the same capacity. 

The smaller quantity of water brings a correspondingly smaller 
quantity of air into the apparatus, and, since this air is almost at the 
temperature of the entering cooling water, i.e., much colder than in the 
wet condenser, the smaller weight of air has also a smaller specific 
volume. Also the vapour mixed with the air has a lower temperature, 
and therefore a lower pressure, and there remains a larger fraction of 
the total pressure in the condenser for the air. Thus there is almost 
always a smaUer volume of air to be exhausted from a dry condenser. 

Dry air-pumps may run at a greater speed than wet, because they 
have no water to overcome ; for the same reason they may always be 
smaller than wet pumps for the same evaporative capacity. 

Comparing the very dififerent volumes of air to be exhausted in 
the different cases considered in Table 73, the following conclusions 
may be drawn : — 

1. Even with very warm cooling water fairly good vacua may he 
reached by means of dry conde7isation. Such conditions require only 
much cooling water and large air-pumps. The cooling water is still 
usable when it is only a few degrees cooler than the temperature of the 
evaporating liquid. 

2. The more nearly the temperature of the exhausted air approaches 
to that of the entering cooling water ^ ayul that of the waste water to the 
temperature of the evaporating liquid, i.e., the more completely the 
cooling water is utilised, the better is the condensation and the smaller 
may the air-pump he. When the air-pump is only just large enough 
under given conditions, the condensation can never be improved, but 
only made worse, by a larger water supply. 

3. It is very important to take the air quite cold from the condenser. 
The colder the air, the better the vacuum. 

23 
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Table 73. 

The consumption of cooling water and volume of air, in litres, to be 
exhausted, for the condensation of 100 kilos, of steam at vacua of 
600-740 mm. 

Initial temperature of the cooling water, t^, = 5** to 50** C. 
Final „ „ „ t,, = 10" to 61-5*'C. 

in dry I fall-pipe jet-condensers. 



Vacuum, 600 mm. 
Temperature, 61-5° C. 



Absolute pressure, 160 mm. 
Total heat, c = 625 oals. 



Cooling water. 



Initial I Final 
tempera- i tempera- 



ture. 



ta. 



ture. 



t.. 



Weight. 



kilos. 



Air. 



Tempera- 
ture. 



^lO' 



Pressure. 



mm. 



Weight. 



kilos. 



Volume. 
Litres. 



»» 
f» 

»» 
>» 
II 
II 
II 
II 

10 

II 
II 
II 
II 
II 
II 
II 
II 

15 
II 
II 
II 
»> 



61-5 



II 



II 



55 



II 



II 



997 



II 



II 



1140 



II 



II 



50 



II 



II 



61-5 



II 



n 



55 



II 



50 



II 



II 



1277 



II 



II 



1094 



II 



II 



1266 



II 



II 



1437 



61-5 



II 



It 



55 



II 



II 



II 



1212 



II 



1425 



II 



5 
10 
15 

5 

10 
15 

5 
10 
15 

10 
15 
20 
10 
15 
20 
10 
15 
20 

15 
20 
25 
15 
20 



153-5 
150-8 

147-3 
153-5 
150-8 
147-3 
153-5 
150-8 
147-3 

150-8 
147-3 
142-6 
150-8 
147-3 
142-6 
150-8 
147-3 
142-6 

147-3 
142-6 
136-5 
147-3 
142-6 



0-25 



»i 



f I 



0-285 



II 



0-319 



II 



II 



0-274 



II 



II 



0-317 



II 



II 



0-359 



II 



II 



0-303 



ff 



tf 



0-356 



tt 



978 
1017 
1055 
1114 
1159 
1205 
1247 
1298 
1346 

1115 
1156 
1210 
1289 
1338 
1400 
1460 
1515 
1586 

1279 
1338 
1430 
1502 
1572 



THE AIR FROM DBT CONDENSERS. 

Tabi£ 73 — (continved). ' 



Vacuum, flOO m 


m 




Absolute presauce, 160 mm. | 


Tempo nvtuce. 61-5= C. 




Total beat 


c = 625oa 


■ 


Cooling water. 


Air. 




Final 




Tempera- 
ture. 








«mpera- 


tempew- 


Weight. 


ProBsure. 


Weight. 


Volume. 


'.. 


/,. 


kilos. 


'i- 


mm. 


kiloi. 


Litres. 


13 


55 


1435 


25 


136-5 


0-356 


1680 


" 


50 


1642 


15 

20 
25 


147-8 

142-6 
136-5 


0-41 


1732 

1811 
1938 


20 


61-6 


1385 


20 
25 
30 


142-6 
136-5 

128-5 


0-346 


1528 
1633 
1776 




55 


1629 


30 
25 
30 


143-6 

136-5 
128-6 


0-407 


1798 
1921 
2088 




50 


1917 

;; 


20 
25 

30 


142-fi 
136-5 
128-5 


0-479 


2116 
2259 
2449 


2a 


61-5 


1544 


25 
30 
35 


136-5 
128-5 
118-2 


0-386 


1831 
1981 
2173 




55 


1900 


25 
30 
35 


136-5 
128-5 

118-2 


0-475 


2242 
2438 
2674 




50 


2300 


25 

30 
35 


136-5 

128-5 
118-2 


0-576 


2714 
2953 
3237 


30 


61-5 


1772 


30 
35 

40 


128-5 

118-2 
1051 


0-443 


2274 
2494 
2856 




56 


2280 


30 
35 
40 


128-5 
1182 
105 1 


0-570 


2926 
3209 
3675 



EVAPORATINa AND CONDENSING APPABATnS. 







Tablb "iS — (coiUinveii) 






VacuBOv 600 nu 


^ 




AbMiliite presanre. 160 mm. | 


TBmpetware.a-rC. 




ToUllieU 


e»63S«il.. 


Cooling wM«r. 


Air. 


iDiti^ 

tempen- 

tUR. 


Pin»l 
tempelk- 


Weight. 


Tempera- 
ture. 


Pressure. 


Weight. 


Volume. 


r.. ».. 


Idloa. 


Ii.- 


""■ 


kilcM. 


Litre*. 


30 50 


3875 


30 


128-6 


0-719 


3691 






35 


118-2 




4048 






40 


1051 




4635 


35 61-5 


21-25 


35 


118-2 


0531 


2992 






40 


105-1 




3426 






45 


88-6 




4128 


" 55* 


2860 


35 


118-2 


0-7i2 


4011 






40 


105-1 




4593 








45 


88-6 




5524 




aO' 


3833 


35 

40 
45 


118-2 
105-1 

88-6 


0-958 


5394 
6175 
7427 


40 


tiro 


•2«-2ti 


40 
45 

50 


105-1 
88-6 
68 


0-657 


4299 
5094 
6747 


;; 


55 


3800 


40 
45 
50 


106-1 
,88-6 
68 


0-950 


6124 
7365 
9756 




oo' 


5750 


40 
45 
50 


105-1 
88-6 
68 


1-437 


9263 
11141 
14758 


45 


61'5 


3415 


45 
50 
55 


88-6 

68 

42-5 


0-854 


6621 
8770 
14262 




55 


5700 


45 


88-6 


1-425 


11047 






50 


68 




14634 






55 


42-5 




23798 


1 


11.500 


45 


88-6 


2-876 


22U9U 
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Table 73 — (continjied). 



VacuiiTTi, 600 mm. 




Absolute pressure, 16C 


)mm. 1 


Temperature, 61-6° C. 




Total heat, c = 625 cals. 1 


Cooling water. 


Air. 


Initial 


Final 




Tempera- 
till r A 








empera- 


tempera- 


Weight. 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




UUl w. 








ta. 


/.. 


kilos. 


tta- 


mm. 


kilos. 


Litres. 


45 


50 


11500 


50 


68 


2-875 


29526 


*> 


»f 


»» 


55 


42-5 


• 

tt 


58013 


50 


61-5 


4895 


50 


68 


1-224 


12450 


»f 


ti 


tt 


55 


42-2 


It 


20300 


*> 


tt 


tt 


60 


12 


1} 


169500 


»f 


55 


11300 


50 


68 


2-825 


29013 


Vacuum, 620 m 


m. 




Absolute pressure, lH 


) mm. 


Temperature, 5( 


i-i" C. 




Total heat, c = 624 ci 


ils. 


5 


58-5 


1057 


5 


133-5 


0-260 


1185 


It 


tt 


tt 


10 


130-8 


tt 


1215 






»> 


tt 


15 


127-3 


tt 


1269 






50 


1276 


5 


133-5 


0-319 


1454 






»» 


tt 


10 


130-8 


It 


1489 






11 


tt 


15 


127-3 


It 


1557 






45 


1447 


5 


133-5 


0-362 


1650 






tt 


It 


10 


130-8 


It 


1692 






tt 


It 


15 


127-3 


II 


1767 


10 


58-5 


1166 


10 


130-8 


0-291 


1342 


ft 


tt 


tt 


15 


127-3 


It 


1423 






It 


It 


20 


122-6 


It 


1505 






50 


1435 


10 


130-8 


0-369 


1678 






>» 


tt 


15 


127-3 


It 


1752 






»» 


tt 


20 


122-6 


It 


1856 






45 


1654 


10 


130-8 


0-414 


1935 


1 




tt 


tt 


15 


127-3 


It 


2020 


1 




tt 


tt 


20 


122-6 


It 


2140 
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Table 73 — (continued). 



Vacuum, 620 mm. 




Absolute pressure, 140 mm. 


Temperature, 68*6° C. 




Total heat, c = 624 cals. 


Ck)oling water. 


Air. 1 


Initial 
tempera- 


Final 
tempera- 


Weight. 


Tempera- 


Pressure. 


Weight. 


Volume. 1 


ture. 


ture. 




UUXO. 






1 


ta. 


te. 


kilos. 


tla' 


mm. 


kilos. 


Litres. 1 


15 


58-5 


1300 


15 


127-3 


0-325 


1586 


»» 


11 


tf 


20 


122-6 


»» 


1680 


t» 


tf 


ft 


25 


116-5 


tf 


1797 


tf 


50 


1640 


15 


127-3 


0-410 


2001 


»» 


tf 


tf 


20 


122-6 


»» 


2120 


if 


tt 


tt 


25 


116-5 


11 


2267 


t* 


45 


1930 


15 


127-3 


0-482 


2355 


ft 


ft 


tt 


20 


122-6 


tt 


2495 


»f 


ft 


tt 


25 


116-5 


tt 


2668 


20 


58 


1516 


20 


122-6 


0-379 


1959 


»» 


>> 


>» 


25 


116-5 


11 


2094 






»» 


»» 


30 


108-5 


It 


2310 






50 


1913 


20 


122-6 


0-478 


2471 






>i 


»» 


25 


116-5 


tt 


2703 






i» 


11 


30 


108-5 


11 


2913 






45 


2315 


20 


122-6 


0-579 


2993 






>» 


11 


25 


116-5 


11 


3202 






»i 


11 


30 


108-5 


It 


3529 , 


25 


58 


1715 


25 


116-5 


0-429 


2372 / 


M 


>» 


11 


30 


108-5 


tt 


2615 f 




1 


*i 


11 


35 


98-2 


11 


2913 / 




1 


50 


2296 


25 


116-5 i 0-574 


3174 ' 






>> 


»> 


30 


108-5 


tt 


3498 






»» 


»> 


35 


98-2 


11 


3892 






45 


2895 


25 


116-5 0-724 


4004 






11 


11 


30 


108-5 


tt 


4413 






11 


11 


35 


98-2 


4908 


30 


58 


2021 


30 


108-5 1 0-505 


3078 



THE AIB FROM DRY CONDENSERS. 
Table 73 — (continued). 



Viouuni.eaOin 


ax. 




Absolute pressure. HOiuni. | 


Temperature. saO-C. 




Tote] hea 


,c = 6a4e 


... 


Cooling water. 


Air. 


iBltiftl 

tun. 


FiDftl 

tempera- 


Weight, 


Tm.p.»- 
tuie. 


P....U... 


Weight. 


Volume. 


(.. 


'. 


kilo.. 


((-. 


„„. 


kilc«. 


Litres. 


30 


68 


2021 


35 
40 


98-2 
861 


0-606 


3424 
4020 




50 


2870 


30 
35 
40 


108-6 
98-2 
85-1 


0-718 


4376 
4868 
5715 


" 


is 


3860 


30 
35 
40 


108-6 
98-2 
85-1 


0-965 


5855 
6543 
7681 


35 


58 


2304 


35 
40 
46 


98-2 
86-1 
68-6 


0-676 


3905 

4585 
5777 




do 


3827 


36 


98-2 


0-967 


6488 






40 


86-1 




7618 


',', 1 " 




45 


68-6 




9599 


'.'. 1 « 


6790 


36 


98-2 


1-448 


9817 




,^ 


40 


86-1 




11526 


" 1 




45 


68-6 




14523 


40 58 


3144 


40 


86-1 


0-786 


6257 


•I 




46 


68-6 


,, 


7834 






50 


48 




11444 


','. 1 60 


6740 


40 


86-1 


1-436 


11022 






45 


68-6 




14393 








50 


48 




20893 




45 


11580 


40 
46 
50 


86-1 
68-6 
48 


2-895 


23044 
29037 
42151 


46 


68 


4354 


45 
50 


68-6 
48 


1089 


10923 

15856 
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Table 73 — (continued). 



Vacuum, 620 mm. 
Temperature, 58*5'' G. 



Absolute pressure, 140 mm 
Total heat, c = 624 cals. 



Cooling water. 



Initial Final { 

tempera- tempera- ; Weight, 
ture. ture. ' 






te. 



kilos. 



15 



58 4354 

50 11480 



50 



»» 
58 



If 

»» 



7075 



1 



Air. 



Vacuum. 610 mm. 
Temperaiuie. 55^ C. 



Tempera- 
ture. 



I 
Pressure. \ Weight. Volume. 



55 
45 
50 
55 

50 



mm. 



22-5 

68-6 

48 

22-5 

48 



kilos. 



1089 
2-870 



f » 



1-769 



Litres. 



34685 
28786 
41737 
91410 

25766 



Absolute pressure, 120 mm. 
Total heat, c = 623 cals. 



od 



•t 



50 



4o 



^x^ 



50 



4^> 



1136 



»» 



1251 



1445 



1262 



1432 



1651 



5 
10 
15 

5 
10 
15 

5 

10 
15 

10 
15 
20 
10 
15 
20 
10 
15 
20 



113-5 
110-8 
107-3 
113-5 
110-8 
107-3 
113-5 
110-8 
107-3 



0-284 



»» 



tt 



0-313 



0-3615 i 

I 

»» 



1503 
1568 
1647 
1656 
1728 
1815 
1924 
1995 
2096 



110-8 


0-315 


1739 


107-3 


»» 


1828 


102-6 


»» 


1943 


110-8 


0-358 


1976 


107-3 


tt 


2076 


102-6 


It 


2209 


110-8 


; 0-413 


2280 


107-3 


»> 


2395 


102-6 


tt 1 


2548 



THE AIB FBOH DRY CONDENSERS. 
Table 73 — (amtimied). 



Vac 


um. 640 m 


m 






Temperature, 55-0. 




Total beat 


c ^ 623 cBls. 


C 


OQliDg wate 




Air. 






emperti- 


Fiual 


Weight. 


T.mi»r.- 


Pressuce. 


Weight. 


Volujne. 


... 


1.. 


kiloi. 


tu. 


... 


Itilos. 


Litre!. 


15 


55 


1420 


15 
20 


107-3 
102-6 


0-365 


2004 
2190 










26 


96-6 




2382 






50 


1637 


16 
20 
25 


107-2 
102-6 
96-5 


0-409 


2372 
25-24 
2732 






45 


1927 


15 
20 

26 


107-2 
102-6 
96-5 


0-482 


2796 
2974 
3218 


SW 


55 


1625 


20 
25 


102-6 
96-5 


0-406 


2505 
2712 










30 


88-5 




3039 






60 


1910 


20 
25 
30 


102-6 
96-6 
88-5 


0-480 


2962 
3206 
3593 






45 


2312 


20 
25 
30 


102-6 
96-5 
88-5 


0-578 


3566 
3861 
4326 


as 


55 


1893 


25 
30 
35 


96-6 
88-6 
7S-2 


0-473 


3160 
3640 
4026 


;; 


60 


2293 


26 
30 
35 


96-5 
88-6 
78-2 


0-673 


3628 
4289 
4877 


I 


45 


2890 


25 
30 
35 


96-5 
88-5 
78-2 


0-722 


4824 
5408 
6150 


30 


55 


2272 


30 


88-5 


0-668 


4241 



302 ETAPOBATISG iSD COSVEXSOO AFrMMtTCS. 
Tabu t* i~— «■; ?) 



VBCDiun. tUU mm. 




A-.:...-. 


™™i^i^^ 1 






l^^,M^ 


-'=*■' 


" 


CuthoH wUer. 


A«- 


Irillial Final 












t-mpem- Umpet*- Wmtfnu 
tuni. ture. 


^IST" 


p«-™. 


Wnclo. 


Vahmt. 


(-. 


r,. kilo.. 


'•.- 


«- 


kiloi. 


Umi. 


»0 


.M ! 2272 


35 


78-2 


0-568 


1766 




40 


651 




mn 


!,' 50 ' 2865 


30 


88-5 


0716 


5359 


„ ,, 




35 


78-2 




6094 


„ 




40 


651 




V47I 




4fj 


3U33 


30 
35 
40 


88-5 
78-2 
65-1 


0-956 


7156 
8137 
9976 


;ir, 


05 


2)J10 


35 
40 
45 


78-a 

651 
48-6 


0710 


6013 
7409 
10039 




r,l} 


;j(lio 


35 
40 
45 


78-2 
651 
48-6 


955 


ril2s 
9905 
13501 




V, 


r.7W 


35 
40 
45 


78-2 
65-1 

48-6 


1-445 


1229S 
15079 
2034-» 


'Id 


r>r, 


:t7M7 


40 
45 
50 


65-1 
48-6 

28 


0-947 


9882 
13391 
22018 




w 


.'37:iO 


40 
45 

50 


66-1 
48-6 
28 


1-432 


14943 
20248 
33294 




ih 


U&ilU 


40 
45 

50 


65-1 
48ti 

28 


2-89 


30157 
40685 
67193 


■ir. 


r,r, 


SliHO 


45 
50 


48-li 
28 


1-420 


20779 
35684 
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Table 73 — (continued). 



Vacuum, 640 mm. 




Absolute pressure, 120 mm. 


Temperature, 55° C. 




Total heat, c = 628 cals. 


CJooling water. 


Air. 


Initial 


Final 




Tempera- 








tempera- 


tempera- 


Weight. 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




uuxc 








to. 


/.. 


kilos. 


tia. 


mm. 


kilos. 


Litres. 


45 


65 


5680 


55 


2-5 


1-420 


295360 


If 


50 


11460 


45 


48-6 


2865 


40511 


It 


1) 


II 


53 


28 


71997 


>> »» 


II 


55 


2-5 


595920 


50 66 


11360 


50 


28 2-840 

1 


71369 


Vacuum, 660 m 


m. 




Absolute pressure, IOC 


) mm. 


Temperature, 5i 


J°C. 




Total heat, c = 622 ca 


kls. 


5 


62 


1213 


5 


93-5 


0-303 


1947 


>t 


tt 


II 


10 


90-8 


II 


1865 


»» 


ft 


II 


15 


87-3 


II 


2160 


tt 


45 


1440 


5 


93-5 


0-360 


2313 


»f 


»» 


II 


10 


90-8 


II 


2216 


»» 


>» 


II 


15 


87-3 


II 


2567 


*f 


40 


1660 


5 


93-5 


0-415 


2666 


»» 


If 


II 


10 


90-8 


II 


2555 


If 


ft 


II 


15 


87-3 


II 


2958 


10 


52 


1357 


10 


90-8 


0-339 


2087 


l» 


II 


II 


15 


87-3 


II 


2417 


M 


11 


II 


20 


82-6 


II 


2600 


»» 


45 


1650 


10 


90-8 


0-412 


2539 


f » 


n 


II 


15 


87-3 


II 


2941 


»f 


I) 


II 


20 


82-6 


II 


3164 


»» 


40 


1940 


10 


90-8 


0-485 


2986 


»» 


II 


11 


15 


87-3 


II 


4458 


»f 


II 


II 


20 


82-6 


II 


3720 



EVAPOBATISO AND CONDENSINa APPABATUS. 
Tablb 73 — {continued). 





■n 




AbBulut« presHure. lilO mm. | 


Temperature, 6i 


°C. 




Tom] fau 


, e = 6aa cals. 


Cooling water. 


Air. 


Initial 


Pinal 
tempera- 


Weight. 


TsmpeA- 
ture. 


PrWKOre. 


Woiglit. 


Volume 


(.. 


'- 


kiloa. 


(.o. 


""■ 


Idlos. 


Lit™.. 


15 


63 


1540 


15 
20 
25 


87-3 
82-6 
765 


0-3e6 


2745 
2963 
3241 




45 


1933 


15 
20 

25 


87-3 
82-6 
76-5 


0-481 


3429 
3689 
4049 




40 


2328 


15 
20 
26 


87-3 
82-6 
76-5 


0-582 


4149 
4464 
4899 


20 


52 


1781 


20 
25 
30 


82-6 
76-5 
68-5 


0-445 


3413 
3746 
4336 




45 


2308 


20 
25 
30 


82-6 
76-5 
68-5 


0-577 


4426 
4857 
5610 


" 


40 


2910 


20 
25 
30 


82'6 
76-5 
685 


0-782 


5584 
6136 
707B 


25 


52 


2111 


25 
30 
35 


76-5 
68-5 
58-2 


0-528 


4445 
5133 
6O40 




45 


2885 


25 
30 
35 


76-5 
68-5 
58-2 


0-721 


6069 
7010 
8248 




« 


3800 


25 
30 
■35 


76-5 
68-5 
58-2 


0-960 


7997 
9236 
10868 


30 


5-2 


2jl)l 


30 


G8'5 


0-618 


6300 



TBE AlB FBOU DRY CONDENSERS. 
Table 73 — (c(mtiHued). 



Vacuum. 660 m 








Temperatura, 62° C. 




Total hea 


, c = 622 colB. 


Cooling waler. 




A 


i,. 
















Tore" 


tcmpem- 
ture. 


Weight. 


'''SS" 


Preaaure. 


Weight. 


VolumB. 


1. 


'.. 


icilos. 


fw- 


■nm. 


tciloa. 


Litres. 


30 


53 


2691 


36 
40 


58-2 
45-1 


0-648 


7413 

9662 




46 


3848 


30 
35 
40 


68-5 
58 '2 
45-1 


0-962 


9353 

11005 
14473 


■' 


40 


6820 


30 
36 
40 


68-5 
58-2 
45-1 


1-455 


14146 
16645 
21898 


35 


52 


3364 


36 
40 

46 


58-2 
45-1 
28-6 


0-839 


9599 

12627 
20268 


" 


45 


5770 


35 
40 
45 


58-2 
45-1 
28-6 


1-442 


16502 
21709 
34946 




40 


11640 


35 
40 

45 


58-2 
45-1 
28'6 


2-910 


33290 
43796 
70297 


40 


63 


4750 


40 
45 
50 


45-1 
28'6 
8 


M88 


17879 
28699 
106540 


„ 


45 


11540 


40 
45 
60 


45'1 
28'6 
8 


2-885 


43419 

69693 
258727 


16 


62 


8143 


45 
60 


28 '6 
8 


2-036 


49180 
182108 


50 


52 


- 


- 


- 


- 


- 
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Table 73 — (continued). 






Vacuum, 680 mm. 


Absolute pressure, 8C 


\ mm. 1 


Temperature, i8° C. 


ToUl heat, c = 621 c^s. 


Cooling water. 


Air. 


Initial 
tempera- 


Final 
tempera- 


Weight. 


Tempera- 


Pressure. 


Weight. 


Volume. 


ture. 


ture. 




wUlC. 








/a. 


te. 


kilos. 


tu.. 


miu. 


kilos. 


Litres. 


5 


48 


1356 


5 


73-5 


0-369 


2773 


*t 


11 


»» 


10 


70-8 


11 


2963 


11 


11 


11 


15 67-3 


11 


3145 


11 


40 


1718 


5 73-5 


0-4295 


3512 


11 


»» 


11 


10 


70-8 


f » 


3754 


11 


11 


11 


15 


67-3 


11 


3984 


11 


35 


1953 


5 


73-5 


0-488 


3992 


»» 


i» 


11 


10 


70-8 


rr 


4158 


11 


11 


11 


15 


67-3 


11 


4527 


10 


48 


1509 


10 


70-8 


0-377 


3295 


f « 


11 


»» 


15 


67-3 


II 


3497 


It 


11 


»» 


20 


62-6 


II 


3827 


»» 


40 


1937 


10 


70-8 


0-484 


4230 


11 


11 


»f 


15 


67-3 


II 


4490 


»l 


11 


»» 


20 


62-6 


II 


4912 


»» 


35 


2344 


10 


70-8 


0-586 


5122 


>» 


If 


11 


15 


67-3 


II 


5436 


»» 


11 


11 


20 


62 6 


II 


5948 


15 


48 


1737 


15 


67-3 


0-434 


4026 


11 


»» 


11 


20 


62-3 


ti 


4405 


♦» 


»» 


11 


25 


56-5 


If 


4958 


»» 


40 


2324 


15 


67-3 


0-581 


5389 


M 


11 


»» 


20 


62-6 


It 


5897 


11 


1 1 


11 


25 


56-5 


ft 


6638 


11 


35 


2930 


15 


67-3 


0-732 


6790 


11 


»» 


1 1 


20 


62.6 


II 


7435 


11 


11 


11 


25 


56-5 


11 


8369 


20 


48 


2040 


20 


62-6 


0-510 


5177 
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Table 


7S—(,emlinued). 




























Vfto 


aum,680m 


m. 






Temperatura, 48° C. 




Total heal, c = 631 call. 


Cooling water. 


A„. 


Imlial 


Final 












**3~" 


tempera- 


Woigbi. 


ture. 


■"""""■ 


Weight. 


Volume. 


. '" 


(- 


biloa. 


lu. 


... 


kiloa. 


Liirei. 


20 


48 


2040 


26 
30 


655 
48-5 


0-610 


5827 
7043 




40 


2905 


20 
35 
30 


62-6 
55-5 
48-6 


0-726 


7369 
8295 
10026 




35 


3908 


ao 


62-6 0-977 


9917 








26 


56-5 


11162 








30 


48-5 1 „ 


13492 


25 


48 


2491 


25 
30 
35 


56-5 
48-6 
38 2 


0-623 


7118 
8603 
10870 




40 


3866 


25 
30 

35 


56-5 
48-5 
38-2 


0-967 


11047 
13354 
16903 




35 


5770 


26 
30 
35 


66-6 
48-5 
38-2 


1-442 


16475 
19901 
26215 


30 


48 


3184 


30 
35 
40 


48-5 
38-2 
25-1 


0-796 


10993 
13949 
23246 




40 


5810 


30 
38 
40 


48-1 
38-5 
26-1 


1-453 


20070 
25433 
41059 


: 


35 


11720 


30 
36 
40 


48-5 
38-6 
25-1 


2930 


40460 
51196 
80780 


35 


48 


4408 


35 
40 


38-2 
25-1 


1-102 


19-263 
30382 



368 



BVAPOBATIXG AND CONDENSING APPARATUS. 



Table 73 — {continued). 



Vacuum, 680 mm. 
Tempermture, 48® C. 



Absolute pressure, 80 mm. 
Total heat, c = 621 cals. 



Cooling water. 



Initial 
tempera- 
ture. 



Final 
tempera- Weight, 
ture. 



tr. 



kilos. 



Air. 



Tempera- 
ture. 



thf 



Pressure. 



mm. 



Weight. 



kilos. 



Volume. 
Litres. 



35 

ft 

»» 
♦• 

40 

»» 

45 



48 
40 

♦♦ 
t> 

48 
It 

48 



4408 
11620 






7043 



»» 



19100 



45 
35 
40 
45 

40 
45 

45 



8-6 
38-2 
251 

8-6 

25-1 
8-6 



1102 
2-905 



»» 



1-761 



*f 



I 242247 

I 50769 

80090 

I 91895 

48561 
146850 



8-6 I 4-775 



Vacuum, 700 mm. 
Tomperature, 44^ C. 



Absolute pressure, GO mm. 
Total heat, c ^ G19 cals. 



— - - - 





_ . — 


— — 


- 


- - — — 


— _ _ — 


5 


44 


1474 


5 


. 53-5 


0-369 , 


4149 


»» 


II 


II 


10 


50-8 


»» 


4446 


»» 


»i 


II 


15 


: 47-3 


II 


4863 


»» 


35 


: 1945 


5 


1 53-5 


0-486 


5465 


»» 


II 


II 


10 


50-8 


II 


5816 


»» 


»i 


II 


15 


47-3 


tt 1 


6405 


M 


30 


, 2356 


5 


1 53-5 


0-589 


6623 


n 


II 


»i 


10 


' 50-8 


1 
II 


7097 


»» 


II 


1 


15 


; 47-3 


II ! 

1 


7763 


10 


44 


. 1691 


10 


508 


0-425 


5121 


»» 


II 


»» 


15 


47-3 


i> 


5502 


« , 


II 


II 


20 


42-6 


II 


6333 


t } 


35 


- 2335 


10 


50-8 , 


0-584 , 


7037 


it 


»» 


II 


15 


47-3 


1 
II 


7697 


»» 


n 


II 


20 


42-6 


1 
>> 1 


8702 


II 


30 


2945 


10 

1 


50-8 


0-736 , 


8869 



THE AIR PBOM DBT C0NDEN8EBS. 
Table 73 — (continued). 



Vacuum, 700 m 


m 




Absolute 


0,...u,e 80 mm. 1 


Tomperitura, H 


= C. 




Total lieat, >- ^ G19o 


al. 


Cooling water. 


A„. 


Initial 


Finftl 












7^" 


tempera- 
ture. 


Weight. 


Tempera- 
ture. 


''""""■ 


. Weight. 


Volume. 


(.. 


C 


kilos. 


Ii^- 


m„. 


Itiloe. 


Litres. 


10 


30 


3946 


15 
20 


47-3 
42-6 


0-736 


9700 
10966 


15 


44 


1983 


15 
20 
25 


47-3 
42-6 
30-5 


0-496 


6537 
6390 
S779 


" 


33 


asbo 


16 
20 

25 


473 
42-6 
366 


0-730 


9621 
10877 
12921 




30 


3926 


15 
20 
25 


473 
42'6 
365 


0-981 


12936 
14624 
17363 


20 


44 


239fi 


20 
25 
30 


42-6 
36-5 
285 


0-599 


8925 
10602 

14364 




35 


3890 


20 
25 
30 


426 
36-5 
28'5 


0-972 


14463 
17204 
23309 




30 


5890 


20 
25 
30 


42-6 
36-5 
28-5 


1-172 


21933 
26063 
35310 


35 


44 


.3026 


25 
SO 
35 


36-5 
28-5 
18-2 


0-767 


13399 
18153 

27858 




35 


5840 


25 
30 
35 


36-5 

28-5 
18-2 


1-460 


25842 
35011 
53728 




30 


U780 


25 
30 
35 


36-5 
28-5 
18-2 


2-945 


52126 
70621 

108376 








Hi 
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Table 73 — (contmtied). 




rm 




VAcoum, 700 mm. 




Absolute pveBsnie, GO mm. 




Temperature, 44"^ C. 




Total heat, c ^ 619 oals. 




Cooling ¥rater. 


Air. 


' 


Initial Final 














tempera- tempera- 


Weight. 


Tempera- 


Pressure. 


Weight. 


Volume. 




ture, j ture. 




VUXC 










/.. <r. 


1 kiloe. 


<•.. 


mm. 


kilos. 


Litres. 




30 


44 


4108 


30 


28-5 


1027 


24627 




»t 


»» 


»» 


35 


18-2 


>« 


37794 




ft 


»» 


*t 


40 


5-1 


>t 


143780 




»» 


35 


' 11680 


30 


28-5 


2-920 


70022 




>» 


t» 


n 


35 


18-2 


f » 


10746 




1 


" 


40 


51 


>» 


408800 




35 


44 


6410 


35 


18-2 


1-603 


58990 




1 

t» ! ft 

1 


it 


40 


51 


tt 


224420 




40 44 


14425 


40 


51 


3-606 


504840 




Vacuum, 710 m 


m. 




Absolute pressure, 50 mm. 




Temperature, 31 


rc. 




Total heat, c = 618 cals. 




5 


38 


1758 


5 


43-5 


0-440 


6090 




>> 


»» 


») 


10 


40-8 


tt 


7542 








»» 


>» 


15 


37-3 


tf 


7366 








30 


2352 


5 


43-5 


0-588 


8138 








ft 


tt 


10 


40-8 


tt 


10078 








»» 


»f 


15 


37-3 


tt 


9843 








25 


2965 


5 


43-5 


0-741 


10255 








»» 


>» 


10 


40-8 


12601 








»» 


»» 


15 


37-3 


tt 


12404 




10 


38 


2071 


10 


40-8 


0-618 


8878 




»» 


r» 


tt 


15 


37-3 


tt 


8668 




>t 


tf 


t* 


20 


32-6 


tt 


10117 




»l 


30 


2690 


10 


40-8 


0-672 


11527 




»» »» 


tt 


15 


37-3 


)f 


11257 





THE AIB FROM DBT CONDENSBBS. 
Table 73 — {continued). 



Vaounm, 710 m. 


^ 




Abaoljte 


1 






TDtalheat.(^ = 618c»ls. 1 


CooliDg wabei. 


Air. 


iDitial 


Final 












empera- 
ture. 


trure. 


Weight. 
kilos. 


'j.. 


Fressure. 
mni. 


Weight. 
kiloB. 


Volumo, 
Litrea. 


10 


30 


2690 


20 


32-6 


0-672 


13124 




25 


3953 


10 
15 
20 


40-8 
37-3 
32-6 


0-988 


16934 

16539 
19295 


15 


38 


2609 


15 
20 
25 


37-3 
32-6 

26-5 


0-652 


10914 
12732 
15935 




30 


3920 


15 
20 
25 


37-3 
326 

26'5 


0-980 


16405 
19239 
23951 




35 


5930 


15 

20 
25 


37-3 
32-6 
26-5 


1-482 


13849 
28943 
36220 


ao 


38 


3277 


20 
35 

30 


32-6 
26 5 

18-5 


0-819 


15995 
20016 
30745 




30 


5888 
" 


20 
25 
30 


32-2 
26-5 
18-5 


1-470 


18709 
35927 

55184 


I 


25 


11860 


20 
25 
30 


32-6 
26-5 

18-5 


2-970 


58004 
72587 
111494 


25 


38 


4530 


26 
30 
35 


265 

18-5 
8-2 


1132 


27678 
42514 
96263 




30 


11760 


25 
30 
35 


26-5 

18-5 
8-2 


2-940 


71854 

110368 
249900 
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Table 73 — (cofitiniied). 



Vaouuin, 710 ram. 




Absolute pteesore. 50 mm. ^| 






lotal hatt. c = t>lH etie. ■ 


Cooling water. 


1 


Initial 
ture. 


terapem- 

ture. 


Weight. 


Tempera- 


Pie.»ure. 


Weiglit. 


Telune. iH 


C 


u. 


ki1c«. 


'i.. 


,.m. 


kiloa. 


LitMa. 1 


30 


38 


7250 


30 
35 


18-5 
8-2 


1-812 


68023 
154700 


35 


38 


19333 


35 


83 


4-833 


410805 


Vacmam. T2a mm. 










Total heat, c = 617 cale. M 


5 


315 


1974 


5 
10 
15 


33-5 
30-8 
27-3 


0-494 


8916 
9840 
11288 




35 


2960 


5 
10 
15 


33-5 
30-8 
27-3 


0-740 


13355 
14541 
16909 




30 


3980 


5 
10 
1.5 


33-5 
308 
37'3 


0-995 


179S5 
19820 
22736 


10 


34'8 


2377 


10 

15 
30 


30-8 
37-3 
22-6 


0-594 


11833 
13573 
16846 




35 


3948 


10 
15 
20 


30'8 
27-3 
236 


0-987 


19651 
22533 
27991 




20 


5970 


10 

15 
20 


30-8 
27-3 
22-6 


1-493 


29740 
34131 
43741 


15 


34-6 


300O 


15 
30 


27-3 
22-6 


0-750 


17138 
31270 


. J 



THE AIR FROM DRY CONDEKSEBS. 
Table 73 — {c(mtmued). 



Vicuum, 720 mm. 




Absolute preaaure, 40 mm. 






Total heat, c - 617 aaia. 


Cooling wUer. 


Air. 


IniCial 


Pinal 




Tempero- 








empera- 




Weight. 


Pressure. 


Weight. 


Volume. 


'.- 


... 


kilos. 


t,a. 


„„. 


kilo». 


Litres. 


15 


34-5 


3000 


2,5 


16-5 


0-750 


29108 


" 


25 


5920 


15 
20 
25 


27-3 
22-6 
16-5 


1-480 
„ 


33818 
41973 
57439 




30 


11940 


13 
20 
25 


27-3 
22'6 
16a 


2-985 


68207 
84654 
115850 


20 


345 


3949 


20 
25 
30 


22-6 
16-5 

a-6 


0-987 


27991 
38305 
87676 




25 


11840 


20 
35 
30 


22-6 
16-5 
8-5 


2-960 


85946 
11-1878 
362936 


sa 


34-5 


6131 


25 
30 


16-5 
8-5 


1-533 


59466 
136176 


30 


34-5 


13947 


30 


8-5 


3-236 


287494 


Vacuum. 730 mm. 




Absolute presauru, 30 miu. 


Temparature. 29°C. 




Total heat, c = 015 cala. 


& 


29 


2443 


5 


23-6 : 0-611 


16782 








10 


20-8 , „ 


18087 








15 


n-3 ' ., 


21972 




20 


3966 


5 


23-5 0-991 


26697 








10 


20-8 1 


29440 








15 


17-3 , „ 


35636 




15 


6000 


5 


23-5 1 1-500 


38740 
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Table 73 — {cotUinued). 



Vaoaam, 780 mm. 




Absolute preMnie, 90 mm. 


Temperature, 2£ 


>°C. 




Total heat, e = 615 caU. 


Ck)oling water. 


Air. 


Initial 


Final 




Tempera- 
ture. 








tempera- 


tempera- 


Weight. 


Piessure. 


Weight. 


Volume. 


ture. 


ture. 










ta^ 


/«. 


kilos. 


tta* 


mm. 


kilos. 


Litres. 


6 


15 


6000 


10 


20-8 


1-500 


44382 


»i 


»» 


II 


15 


17-3 


II 


53940 


10 


29 


3084 


10 


20-8 


0-771 


20612 


n 


»} 


II 


15 


17-3 


II 


27725 


ft 


»> 


II 


20 


12-6 


II 


39051 


n 


20 


5950 


10 


20-8 


1-488 


44027 


1) 


II 


II 


16 


17-3 


II 


53508 


»» 


II 


»i 


20 


12-6 


II 


75367 


»i 


15 


12000 


10 


20-8 


3000 


88764 


»» 


II 


II 


15 


17-3 


II 


106788 


>» 


II 


II 


20 


12-6 


II 


151950 


15 


29 


4185 


15 


17-3 


1046 


37494 


if 


11 


II 


20 


12-6 


II 


52980 


»» 


>i 


II 


25 


6-5 


II 


101012 


»» 


20 


11900 


15 


17-3 


2-975 


86981 


i» 


1) 


i» 


20 


12-6 


II 


150684 


>» 


if 


II 


25 


6-5 


II 


287296 


20 


29 


6511 


20 


12-6 


1-628 


82458 


»» 


II 


»» 


25 


6-5 


II 


157916 


25 


29 


14650 


25 


6-5 


3-660 


353446 


Vacuum, 740 m 


m. 




Absolute pressure, 20 mm. 


Temperature, 2. 


L°C. 




Total heat, c = 618 cals. 


5 


21 


3694 


5 


13-5 


0-924 


41626 


»i 


II 


ii 


10 


10-8 


II 


52742 
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Table 73 — (ccfntintied). 



Vacuum, 740 mm. 
Temperature, 21'' C. 



Absolute pressure, 20 mm. 
Total heat, c = 618 cals. 



Cooling water. 



Air. 



Initial 
tempera- 
ture. 



ft 

»» 
ft 
If 
f> 

10 

t> 
»» 
f} 
>f 
»» 

16 

»» 

20 



Final 

tempersk- 

ture. 



Weight. 



kilos. 



Tempera- 
ture. 



tia. 



Pressure. 



mm. 



Weight. 



kilos. 



21 


3694 


15 


7-3 


0-924 


15 


5980 


5 


13-5 


1-495 


ti 


tt 


10 


10-8 


It 


11 


11 


15 


7-3 


tt 


10 


12060 


5 


13-5 


3 015 


It 


»» 


10 


10-8 


11 


11 


It 


15 


7-3 


It 


21 


5382 


10 


10-8 


1-345 


i» 


tt 


15 


7-3 


11 


It 


tt 


20 


2-6 


It 


16 


11960 


10 


10-8 


2990 


tt 


11 


15 


7-3 


tt 


' tt 


tt 


20 


2-6 


tt 


21 


9867 


15 


7-3 


2-467 


tt 


11 


20 


2-6 


tt 


It 


59200 


20 


2-6 


14-800 



Volume. 



Litres. 



79679 
67350 
85335 
128718 
135600 
171280 
258699 

76773 
115983 
245718 
170670 
257836 
566243 

212737 
450696 

2703812 



D. The Volume of Air to be Exhausted from Surface- 
condensers. 

The oooling water does not come in contact with the interior of 
surface-condensers, from which the air-pump exhausts; hence the 
air carried by this water has not in this case to be taken away by the 
pump. In surface-condensers the air-pumps have only to extract 
the air introduced from the liquid to be evaporated or distilled and 
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by leakages in the apparatus. The pumps may, therefore, be 
smaller for surface- than for jet-condensers. 

Since there is no experimental guide to the quantity of air intro- 
duced by these means, we can only rely on the general experience 
that the volume of air to be exhausted from surface-condensers is 
about 0*6 of that from jet-condensers. The temperature of this air 
is that of the condensed liquid after it has been cooled. If the 
condensed liquid has the temperature t^, which is a few degrees 
higher than that of the entering cooling water, then the volume of 
air to be exhausted per 100 kilos, of condensed liquid is : 

7,„ . 0-6^(^^^ -^ ^>]f ^^ "^ "^^Q . . . . (262) 

These volumes of air may be foimd by multiplying by 0*6 those 
given in Table 73 for dry jet-condensers. 

Both wet and dry air-pumps may be used in connection with 
surface-condensers — the former when the condensed liquid is to be 
taken together with the air, the latter when the distillate is caught 
and carried away separately. 

The wet air-pump of a surface-condenser has to exhaust, per 100 
kilos, of distillate, the volume : 

F,„ = 100 + F„ Utres (263) 

The di-y air-pump has to exhaust the volume : 

V,„ - F,, litres (264) 



CHAPTEE XXIV. 

A FEW REMARKS ON AIR-PUMPS AND THE VACUA THEY PRODUCE. 

There are two chief forms of air-pump used in connection with 
evaporating apparatus — (A) air-pumps with flap- valves; (B) with 
slide-valves. 

A. Air-pumps with Flap-valves. 

The valves of these pumps are sheets of rubber or metal, which are 
opened and closed by the pressure of the air without mechanical aid. 
They are called '' wet '' air-pumps if they are to exhaust the warm 
(condensed) water together with the air. Since the water can never 
be given as high a velocity in the pump as the air, these pumps must 
possess much larger valves if they are to exhaust water than when 
they extract air only. The speed also should not be very high in the 
former case — about 30-50 revolutions per minute. There is another 
reason why the speed of wet air-pumps should not be too high— it is 
desirable to expel at each stroke the whole quantity of air brought in 
during that stroke, which can only be accomphshed when the air is 
first expelled through the water, which must be as quiescent as 
possible, and which is then itself expelled. If the air and water are 
mixed, which is the case when the water is in too violent motion in 
the pump, they are both expelled together through the valve, but only 
a portion of each, and there remains much air in the cylinder, which 
condition diminishes the efficiency of the next stroke. The larger 
valves and passages of the wet pumps cause them to have as a rule 
greater dead spaees than the shde-valve pumps described later. We 
shall at once see what influence this has upon the action of the pump. 

When a pump with flap- valves is used as a dry pump, i,e,, when, 
along with the air, it does not take in water which would fill the dead 
space and to a great extent neutralise its effect, it is advisable to allow a 
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Table 73 — {continued^. 



Vacumn, 700 mm. 




I ■ 

Absolute pressure, 60 mm. ■ 


Tempeimtore, 44*" G. 




Total heat, c = 619 cals. 1 


Cooling water. 




Air. 




Initial Final 
tempera- tempera- 


Weight. 


Tempera- 


1 

1 Pressure. 


Weight. 


Yolame. 1 


ture, tore. 




•ucc. 






1 


/«. ; (^ 1 kiloe. 

1 i 


'l.. 


! mm. 

1 


kilos. 


Litre. } 


30 


1 
44 4108 


30 


28-5 


1027 


24627 


tf 


ft f » 


35 


18-2 


tf 


37794 


»f 


It »» 


40 


51 


»» 


143780 


t» 


35 : 11680 


30 


28-5 


2-920 


i 70022 


1 ; 
»f 1 »f . »» 


35 


18-2 


10746 


>» 


1 

>» 


>» 


40 


51 


408800 


35 


44 


6410 


35 


18-2 


1-603 


58990 


tf 


»f 


1 


40 


51 


ft 


224420 


40 


44 


14425 


40 


51 


3-606 


504840 


Vacuum, 710 mm. 




Absolute pressure, 5( 


3 mm. 


Tempenture, 38° C. 




Total heat, c = 618 < 


:als. 


5 


38 


1758 


5 


43-5 1 0-440 


6090 


tf 


»» 


ft 


10 


40-8 1 „ 


7542 


>> 


»» 


tf 


15 


37-3 - „ 


7366 


l» 


30 


2352 


5 


43-5 0-588 


8138 


»» 


»» 


»l 


10 


40-8 ' „ 


10078 


ft 


ft 


»» 


15 


37-3 i „ 


9843 


ft 


25 


2965 


5 


43-5 , 0-741 


10255 


if 


»» 


»» 


10 


40-8 ; „ 


12601 


t» 


tf 


»» 


15 


37-3 


ft 


12404 


10 


38 


2071 


10 


40-8 


0-518 


8878 


>» 


>» 


ft 


15 


37-3 


f ) 


8668 


»» 


ft 


»f 


20 


32-6 


ft 


10117 


It 


30 


2690 


10 


40-8 


0-672 


11527 


ft it 


It 


15 


37-3 


i» 


11257 
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Table 73 — (continued}. 



Taouum, 7J0 in 


ra 




Absolute 




Tfliiipenture,38°C. 




Total heat,* =. 818 cal9. 1 


CooliDg water. 


Air. 


Initial 














napenr 

ture. 


tempera- 


Weight. 


ture. 


Prassuro. 


\V.igl,l. 


Volume. 


'.- 


t.. 


kiloB. 


t,.. 


■n„. 


kiloB. 


Litres. 


10 


30 


2690 


20 


32-6 


0672 


13124 




25 


3953 


10 

15 
20 


40-8 
37-3 
32-6 


0988 


16934 
16539 
19295 


15 


38 


2609 


1.5 
20 

25 


373 
32-6 
26-5 


0652 


10914 
12732 
15936 




30 


3920 


15 
20 
25 


37-3 
26-5 


0-980 


16405 
19239 
23961 




25 


5930 


15 

ao 

25 


373 
82-6 
26'5 


1-482 


13849 
28943 
36220 


ao 


38 


3277 


20 

25 
30 


32-6 
26-5 
18-5 


0-819 


15995 
20016 
30746 




30 


5888 


20 
25 
30 


32-2 
26 5 
18-5 


1-470 


18709 
35927 
65184 




25 


11860 


20 
25 

30 


326 
26-5 
18-5 


2-970 


58004 
72587 
111494 




38 


4530 

„ 


25 
30 
35 


26-5 
18-5 
82 


1132 


27678 
42614 
96263 




30 


11760 


25 
30 

35 


266 
18'5 
8-2 


2-940 


71854 
110368 
249900 



EVAPORATING AND CONDENBINO APPABATCS. 
Table 73 — (continued). 



Vacuum, 660 m 


^ 




AbaoluM preiuuTe. lOOnm. | 




TemperaLure, 6J 


°C. 




Tosftl bea 


.c = 6aaciL 




Cool log water. 




Ait. 






Initial 
tempera. 


Final 
tempera- 


Weight. 


Temps n- 


Preware. 


Weight. 


Vols™. 




T 


'.. 


kiloH. 


'-. 


mm. 


kUM. 


LLtM 




ifi 


62 


1340 


15 
30 


87-3 
82-6 


0-386 


2745 
29S3 












25 


76-5 




3241 








5 


1923 


16 
20 
25 


87-3 
826 
765 


0-481 


3)29 
3689 
4049 











2328 

" 


15 
20 
25 


87-3 
83-6 
76-5 


0-682 


1119 
4461 

4899 




20 




2 


1781 


20 
25 
30 


82-6 
76-6 
68-5 


0-145 


3413 

3!4li 
4326 








5 


2308 


20 
25 
30 


83-6 
76-6 
685 


0-5'77 


4426 
4857 
5610 








6 


2910 


20 
25 
30 


82-6 
76-5 
68-5 


0-782 


5584 
6138 
7078 




25 




2 


2111 


25 


76-5 


0-528 


4445 










SO 


68-5 




5133 










35 


68-2 




6010 




:: 


5 


2885 


25 
30 
35 


76-5 
68-5 
58-2 


0-721 


6069 
7010 
8216 




i 


6 


3800 


25 
30 
35 


76-5 
68-5 
582 


0-960 


7997 
9236 
10868 




30 


2 


2591 


30 


68-5 


0-648 


6300 





THE AIR FBOM DRY C0NDBBSER8. 

Tablb 73 — (continued). 



Vftc 


urn, 660 m 


m 




absolute prcasure, lOOraiu, | 


Temperature, 62° C. 




Total hsa 


, c = G22 cftls. 


Cooling water. 




A 


ir. 




Initial 


PinBl 




Tentpara. 

ture. 






lempera. 


tempera- 


Weight. 


PrwBuw. 


Weight. 


Valume. 


tore. 


ture. 












'.. 


>. 


kiloi. 


h.. 


mm. 


kiloB. 


Litres. 


30 


52 


2591 


35 

40 


58-2 
451 


0-648 


7413 
9662 


■'■* 


45 


3848 


30 
35 
40 


68-5 
58-2 

45-1 


0962 


9353 

11005 
14478 




40 


5820 


30 
35 
40 


68'5 
58' 2 
45-1 


1-455 


14146 
16645 
21898 


35 


52 


3354 


35 
40 
46 


58'9 
45'1 
28-6 


0-839 


9599 
12627 
20268 


" 


45 


5770 


35 
40 

45 


58-2 
45' 1 
28-6 


1'442 


16502 
21709 
34946 




40 


11640 


35 

40 
45 


58'2 
45'1 
28 '6 


2-910 


33290 
43796 
70297 


40 


52 


4750 


40 
45 
50 


45 1 

8 


1188 


17879 
28699 

106540 




45 


11540 


40 

45 
50 


451 

28'6 
8 


2-885 


43419 

69693 
258727 


4a 


52 


8143 


45 

50 


28'6 
8 


2-036 


49180 
182108 


50 


52 


- 


- 




- 


- 



ETAPOBATING AND CUXDENSIXG APPARATUS. 
Table 73— <fi™i/m«««i)- 



Yscuum, GSOm 


m. 




Al«atati: pnuure, 80 mia. Il 


TempentulG, 18" C. 




Ta«*llHM,c = IUlckl.. i 


Cooling wmter. 


|I 


laitial 


PinaJ 


Weight. 


TempeM- 


Pnamn. 


W*tfu. 


Volnme. 




,. 


kilos. 


'<•■ 


.„. 


kilos. 


Litres. 


5 


48 


1356 


5 


73-5 \ 0-369 


2773 








10 


70-8 1 ., 


296S 








15 


67-3 , .. 


3145 




40 


1718 


5 


73-5 1 0-1295 


3512 








10 


70-8 > 


3754 








15 


67-3 


3981 




36 


1953 


5 


73-5 0-488 


3992 








10 


70-8 


4158 








15 


67-3 


4527 


10 


48 


1509 


10 


70-8 i 0-377 


3295 








15 


67-3 


3497 








20 


62-6 1 .. 


3S27 




40 


1937 


10 


70-8 1 0-484 


4230 








15 


67-3 


4490 








20 


62-6 1 


4912 




35 


2344 


10 


70-8 : 0-586 


0122 








15 


67-3 1 „ 


6436 








20 


63 6 „ 


5948 


l.'i 


48 


1737 


16 


67-3 1 0-434 


4026 








20 


62-3 


4405 








25 


56-5 


4958 




■10 


^3*24 


15 


67-3 0-581 


5389 




_^ 




20 


62-6 


5897 








25 


56-5 


6638 




:\r, 


2930 


15 


67-3 0-732 


6790 








20 


62.6 1 ,. 


7436 








25 


66-5 


8369 


■•111 


•IH 


20'!() 


20 


62-6 1 0-610 


6177 



THE AIB PBOM DRY CONDBKSEBS. 
Tablb 73-~{cotttituied). 



Vacuum. 680 m 


m 




Absolute 


pressure. 80 mm. 


Temperemre. i8° C. 




Total hei 


t, c = 621 <j*a«. 


Cooling water. 


«,. 


Initial final 












*inpera- 
ture. 


ivtapcn- 


Weight. 


T.mp,». 


Piessure. 


Weight. 


Volume, 


... 


1. 


kilQB. 


/i-. 


mm. 


kilot. 


Litren. 


m 


48 


3040 


25 
30 


55-5 
48-5 


0-510 


5827 
7043 




40 


2905 


20 
25 
30 


62-6 
53 5 

48-5 


0-726 


7369 

8295 
10026 




35 


3908 


20 
25 
30 


62-6 
55-5 

48-5 


0-977 


9917 
U162 
13492 


25 


48 


2491 


25 
30 
35 


56-5 

48 '5 
38 2 


0-623 


7118 
8603 
10870 




40 


3866 


25 
30 
35 


56 5 

48-5 
38 '2 


0-967 


11047 
13.354 

16903 


I 


35 


5770 


25 
30 
35 


5t>5 

48-5 
38-2 


1-442 


16475 
19901 
25215 


30 


48 


3184 


30 
35 
40 


48-5 
38-2 
35 1 


0-796 


10993 
13949 

22246 




40 


5810 


30 
35 
40 


48'1 
38-5 
25-1 


1-463 


20070 
25433 
41059 




35 


11720 


30 
35 
40 


48-5 
38-5 
25-1 


2-930 


40460 
51196 

80780 


36 


48 


4408 


35 


38-2 


1-102 


1926:i 






40 


25 1 




30382 



EVAPORATINO AND CONDENSING APPABATUS. 

If oomplele oocding were attained, so that the air was at a constani 
lempefrntnrediiring the whole operation, then Ts T^, and the efficiency 
equation would be 



-<i-') '"" 



Compression under these conditions is called isothermal. 

t^^nermlly oomfdete cooling is not obtained, although attempts are 
made ; a conditioQ occurs which is a mean between complete cooling 
and absence of cooling, which is known as polytropic compression. 
The useful wori^ may then be expressed as the mean of the results of 
equations (275) and (276) : — 

Now in determining the useful work in adiabatic compression the 
temperatures T and T^ are not known ; if the useful work is to be 
calculated these factors must be replaced by others which are known. 
This is effected by means of Poisson's law (the so-called involuted 
Manotte*s law), by which the pressures may be put in place of the 
temperatures : — 



»- 1 



'r-(5)"=?(0 « 

^ » k ; ^' 0-23751 ^ ^^ 

mNvhich ^* = ^, = 016847 = ^'^^ ('^^^> 

or ^ =0-7092 (280) 

tr. i$ the sjiecific heat of air at constant pressure = 0*2375. 

%% is ihe specific heat of air at constant volume = 0-16847. 

If these values be inserted in equation (275), we obtain an equation 
for the iuiiabatic efficiency, from which numerical results can be 
obtainoil : — 

B. Air-pumps with Equalisation of Pressure. 

When the piston reaches the end of its stroke, the condition of 
the air in the dead space before the equalisation of pressure, assimiing 
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that the equalising channel, 7],, is always in communication with the 

compressed air, is : — 

V + V 

-^> (282) 

in the other and larger space the condition is : — 

■^r^X (283) 

After the equalisation of pressure has taken place the condition 
is: — 

rp P. (284) 

and since the conditions before and after equalisation must be 
equal: — 

~rp P + rp Po = y P» • • • (^^) 

or p, = -^ T . r>Tr . rr .... (286) 



J+2V.+ V. • • • • 

If we put V, = cJ and V, = «„ J" and eliminate J, then 

P. = — ^,--o--— — ^" .... (287) 



P. V r .p, n )^' 



K 1. 2, -He. (^««) 

In isothermal compression, in which all the temperatures remain 
constant, T= T„= T^, and 

„ (« + O J + (1 + c) 

£° l/L-H- <289) 



«« 



In finding the equation for the adiabatic compression (291) it is 
permissible to put T„ = T^, which is not correct, but causes only an 
inconsiderable error. Equation (288) then becomes 

„ (c + «.)J§ + (l+«) 

Pi = -£^ (290) 

p^ 1 + 2« + «. ^ ' 

25 
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TiiiLii 75. Pabt I. ^^H 


The i^lherm.! .nd adi.lalic v»lue. of & - ''p2°Se '"i^HI 








0-01-0-20, and for isothermal EUid &&- 








Isolliermal and adiabotic rkluott 




Dead 
Bjwoe. 

J = •■ 






i. 
Adiabatio, 


p praiauK ot the fttmoiphete 
Po preuure in evacuMed vewel " 








1-1 1-6 


2 


2-5 3 I 3-6 


4-11 


001 




1-001 


l-OIl 


1-024 


1036 


1-048 1 1-060 


1-075 








1-005 


1-012 


1019 


1026 


1032 


1-038 


1-044 




002 




1-002 


1-016 


1-033 


1-049 


1-060 


1-083 


1-1« 








I -000 


1016 


1-018 


1-025 


1-034 


1-041 


I'oes 




003 




1-003 


1-U20 


1-042 


1-063 


1-083 


1-105 


1-130 








0-988 


1-000 


1-012 


1-023 


1035 


1-046 


1-058 




0'04 




1-004 


1-020 


1-050 


1-075 


MOO 


l-l-iL 


M6S 








0-980 


0-999 


1-009 


1-023 


1-036 


1-048 


1-06S 




005 




1-005 


1029 


1-058 


1-087 


1-116 


1143 


l-IBl 








0-y72 


0-985 


1-005 


1-020 


1-037 


1-051 


l-06ft 




0-06 




1-006 


1033 


1-066 


1-099 


M32 


1-165 


1-30 








0-965 


0-985 


1-005 


1025 


1038 


1-054 


1074 




0'07 




1-007 


1-037 


1-075 


1-111 


1-144 


1-174 


1-231 








0-955 


0-960 


0-999 


1019 


1-039 


1065 


1-OT 




008 




1-003 


1045 


1-088 


1-121 


1-160 


1-200 \'}am 








0-y50 


0-971 


0-993 


1-017 


1040 


1059 


loa 




0-09 




0'940 


l-Oii 


1-091 


1-140 


1-176 


1230 


1-2T 








1-099 


0-963 


0-990 


1-017 


1-040 


1-062 


1-09 




010 




I -010 


l-04a 


1-095 


1-155 


1-189 


1-260 


1-38 








0-93f> 


0-960 


0-975 


1-015 


1-042 


1-065 


109 




0125 




1-012 


1-053 


1 115 


1-169 


1-230 


1-280 


1-37 








0-920 


0-945 


0-982 


1-015 


1-046 


1-073 






0150 




1-015 


1-062 


1-126 


1-188 


1-256 


1-313 


lid 








0-909 


0-942 


0-979 


1-011 


1-046 


1077 


Ml 




0175 




1-017 


1-070 


1-139 


1-200 


1-286 


1-350 


1-43 








0-892 


0-928 


0-970 


1-009 


1-047 


1080 


Ml 




0-300 




1090 


1-079 


1152 


1-228 


1-300 


1380 


1-47 






a 


0-879 0-925 


0-972 1-007 


1-048 


1-085 


113 


J 
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Table 75. Part I. 

and the volumetric effioiency, x»» ^^^ air-pumps and compressors, 
with and without equalisation of pressure, with dead spaces, c, from 
batic compression. c« is taken at 0'015. 



2>« pressure after equalisation 












Po ~~ pressure in evacuated vessel' 












pressure in compression vessel 2^ 












pressure 


of the atmosphere 


5 1>0 












4-74 


5-38 


6-33 


7-6 


1 

9-5 


12-67 


19 

i 


1 

36 


760 


1-090 


1 

1-105 


1-128 


1-150 


1-203 


1-280 


1-434 


1-845 


2-84 


1053 


1-060 


1069 


1-082 


1-100 


1-125 


1-174 


1-285 


1-48 


1-135 


1-150 


1-182 


1-226 


1-281 


1-395 


1-615 


2164 


3-50 


1-061 1 


1-071 


1-084 


1-101 


1-124 


1161 


1-237 


1-392 


1-68 


1156 


1-185 


1-222 


1-274 


1-355 


1-487 


1-752 


2-464 


4-14 


1070 


1-084 


1095 


1-120 


1-153 1 

j 


1-195 


1-280 


1-475 


1-86 


1187 


1-220 


1-267 


1-331 


1 

1-447 ' 


1-585 


1-904 


2-758 


4-78 


1070 


1092 


1-112 


1-138 


1-178 1 


1-219 


1-330 


1-564 


2-03 


1-918 ' 


1-255 


1-310 


1-37.3 


1-485 


1-675 


2050 


3-044 


5-40 


1-085 


1-102 


1-117 


1155 


1-201 1 


1-260 


1-377 


1-650 


2-20 


1-246 


1-290 


1-351 


1-436 


1-540 


1-770 


2-222 


3-314 


5-95 


1-092 


1-112 


1-138 


1172 


1-225 


1-280 


1-423 


1-738 


2-36 


1-275 


1-323 


1-390 


i 1-486 


1-625 


1-859 


2-325 


3-576 


6-55 


1-100 


1-121 


1-155 


1-185 


1-247 


1-322 


1-465 


1-813 


2-51 


1-302 


1-353 


1-430 


1-533 


1-690 


1-950 


2-440 


3-825 


7-06 


1106 


1-130 


1163 


1-213 


1-260 


1-384 


1-510 


1-895 


2-66 


1-327 


1-377 


1-470 


1-580 


1-747 


2-025 


2-590 


4-075 


7-55 


1-112 


1-139 


1-174 


i 1-218 


1-285 


1-375 


1-553 


1-900 


2-82 


1-354 


1-414 


1-504 


1-625 


1-805 


2137 


2-704 


4-313 


8-10 


M19 


1145 


1-185 


1 1-232 


1-309 


1-395 


1-590 


2015 


2-95 


1-471 


1-484 


1-590 


! 1-670 


1-940 


2-300 


2-990 


4-842 


9-33 


1134 


1-165 


1-212 


; 1-283 


1-356 


1-466 


1-685 


2-206 


3-28 


1-485 


1-514 


1-668 


1-750 


2-061 


2-464 


3-180 


5-392 


11-17 


1-147 


1-178 


1-227 


; 1-291 


1-403 


1-529 


1-790 


2-365 


3-58 


1-520 


1-534 


1-741 


1-917 


2-183 


2-660 


3-560 


5-768 


11-80 


1-161 


1-210 


1-251 


1-325 
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or, applying Poisson's law, 

1 Zq a. (291) 



After equalisation has taken place, the equalising channel at the 
piston end of the cylinder is closed, and the piston in retoming must 
pass through the space, F,, in order to reduce the pressure, ji«, exist- 
ing after the equalisation to that to be attained, p^. When this is 
the case, the exhaustion begins, therefore, 

V.v. _V.+ V _ F>„ ^ F>,, 



rp ro T T 

■'■0 ■'■o -"-u 



or 



V - [YlPi _ ^tPo\Ts> 
The isothermal volumetric efficiency is, since T, = T^, 



1 - 



V, 



X- = ^ - 7 



-l-c(g-l) . . . . (299) 



4) 

or. inserting the value of ' ' from equation (289), 

Po 






X" 
The adiabatic volumetric efficiency is 



(293) 



=i-!;'=i-<£?:-0- • • • (294) 



=1-4(^7-4 ^'''^ 



Pi 

or, inserting the value of from equation (291), 

Po 



^-[d-MTt^-- 



(296) 



All these equations, which appear more unwieldy than they really 
ftre, aro calculated out in Table 75 for many cases, indeed for most 
ordinary cases. 
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In the first place will be found the values of — , calculated by 

means of equations (289) and (291) for most degrees of evacuation 
and compression. The isothermal and adiabatic volumetric effi- 
ciencies can then readily be determined by the aid of equations (293) 
and (296). The calculated values of these efficiencies are given in the 
second part of Table 75, together with those for pumps without 
equalisation of pressure (equations (276) and (281)), so that all cal- 
culable efficiencies may be examined together, which was the purpose 
of this table. From this comparison it may be seen that the volumetric 
efficiency is the greatest when no heat is taken from the air-pump^ 
and that the cooling of tJie cylinder of the air-pump, when only the 
volumetric effect is in contemplation^ is rather injurious than useful. 
But all these figures do not quite represent actual practice, for, whether 
artificial cooling is applied or not, a certain and not inappreciable 
cooling takes place through the metal walls. The so-called polytropic 
compression then occurs, which is approximately represented by 
taking for each case the mean between completely cooled and un- 
cooled air-pumps. This assumption corresponds best to the reahty, 
and in most ordinary cases the difference is not very great. 



CHAPTER XXVI. 

DETERMINATION OP THE VOLUME OF AIR, F,, WHICH MUST BE 
EXHAUSTED FROM A VESSEL CONTAINING THE VOLUME. 
Kir, AT THE PRESSURE, ;>., IN ORDER TO REACH THE LOWER 
PRESSURE, p^ 

(After F. J. Weiss, Zeits. d. V. d. Ing., 1886, 646.) 

Sometimes it is required to know how large an air pump must be in 
order to exhaust a vessel of known capacity in a definite time down 
to a certain degree of vacuum, or the reverse : in what time a certain 
vessel can be exhausted down to a certain vacuum by means of the 
pump provided. 

Let Vg = the volume of the vessel in litres. 

J = the useful volume of the air pump in litres. 
p„ = the initial pressure in the vessel in atmos. 
J),. = the final pressure in the vessel in atmos. 
Vi - the volume in litres which must be exhausted in order 
to reduce the pressure from 7),, to p^. 
If the pressure in the vessel after the 

1" 2'"' 3"* n'* single stroke 

is p^ p., p.^ p^ atmos. 

then 

/^i(^; + 'H = P>Xn therefore p, = p.j^'—j (297) 

?.,( v., f ./) = ;,, 1; „ j,.^= J,, ^, ^^' / = ^" ( V " + 7)' ^^^^ 

l>,{V„ ^- J) =■ p,V„ „ ;., = /Vj,Jx_ ^-;,.^^^T»^y (299) 

V. 



= ^^T^-/)" • • • ■ ('^> 
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log Pl 

whence n= ^ - (302) 

log — !-^_ 

y 
If ^ — ^— be expanded in a binomial series and the higher powers 

of — neglected because of their smallness, then 

or: 

log^-^ = log(^l - ^) (304> 

If now log (1 - pr ) be expanded in a series and higher powers, 
neglected, we obtain 

log(l - -0 = - ^^ (305). 

When this value is inserted in equation (302) we have : 

' V, 



or nJ = T;( - log£') (307) 

Now nJ is the total volume, which is to be exhausted from the 
vessel, i.e., through which the piston has to run, in order to reduce 
the contents from the pressure jj„ to the pressure p„ therefore 

nJ = F, = Vi - log^ ) (308) 

p^ is always less than p,„ therefore log ■— is always negative, and 

Pa 

consequently - log - always positive. 
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It pa = 1) i'C.y if the absolute pressure in the vessel at the begin- 
ning is 1 atmos., then log Pa = 0, and the expression becomes 
Vi^ Vg {- log 2K)y which is always positive since p„ must be less 
than 1. 

Table 76 has been calculated by means of this formula. It gives 
immediately the volume, F,, which must be exhausted from vessels 
of Vg = 500 to 4,500 litres capacity, in order to reduce the contents from 
the absolute pressure of 1 atmos. to the desired lower pressure, p^. 
The number of strokes required for this purpose is obtained from the 
dimensions of the pump. If the time be given in which the desired 
effect is to be produced, the dimensions can readily be found. The 
table shows at once that almost as many strokes (or as much time) are 
required to reduce the pressure of 1 atmos. down to 0*1 atmos. ^ 
as O'l to 0*01 atmos. 

If it is required to reduce the pressure in a vessel from p,^, which 
is lower than 1 atmos., to the still lower pressure p^^ in order to find 
the volume of air to be exhausted in that case, it is only necessary to 
subtract the volume, which must be exhausted in order to reduce the 
pressure from 1 to p,^, from that required to reduce the pressure from 
1 to p.. 

Examples. — (a) A vessel of the capacity of V^ = 2,000 litres, in which the 
absolute pressure Pa = 1 atmos., is to Be evacuated down to 0*2 atmos. 

Table 76, column 7, lino 9 shows that 3,220 litres must be exhausted for this 
purpose. 

(6) The pressure in a vessel of the capacity, Vj = 2,000 litres is 0*5 atmos. ; it 
is to be reduced to 0*2 atmos. What volume must be exhausted ? 

From Table 76, column 7, line 9 it is seen that, in order to reduce the pres- 
sure in the vessel from 1 atmos. to 0*2 atmos., 3,220 litres must be exhausted, 
and column 7, line 5, shows that 1,386 litres must be exhausted in order to 
reduce the pressure in the vessel from 1 atmos. to 0*5 atmos. 

Thus, to reduce the pressure in the vessel from 0*5 to 0*2 atmos., 3,220 - 
1,386 = 1,834 litres must be pumped out, whence the dimensions of the air pump 
can be determined. 
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splashing of, 132. 

— surface, 51. 
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TiVaporation, cooling by, 802. 

— in a vacuum, 56. 

— self, 67. 

Evaporative capacity, 62. 
Evaporator, double effect, 65, 81, 90, 99. 

— multiple — , 62, 197. 

— quadruple — , 81, 90, 99. 

— triple — , 66. 
Extra steam, 62, 95, 114. 



F. 



Loss of heat, 190. 

, experiments on, 198. 

— pressure in pipes, 168. 
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Falling drops, 122. 

Fall in temperature, 72. 

— pipe, 215. 

Fire, heating by, 12, 138. 

Flap valves, 378. 
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Fuels, properties of, 14. 
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— loss of pressure in, 163. 

— velocity of steam in, 167. 
water in, 181, 182, 308. 

— waste water, 215. 

— water, diameter of, 178. 

supply, 213. 

Prefaces, iii., vi., vii. 
Pressure, loss of, in pipes, 163. 

— of currents of steam and air, 117. 

— upon drops of water, 117. 

— vapour, 58. 



Quadruple-effect evaporator, 81, 90, 99. 
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Radiation, 190. 
Refrigerating machines, 313. 
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Solf-evaporatioD, 67. 
Separator, froth, 128, 156. 
SheotH of water, 227. 
SilU, 219. 221, 253. 
SieveH, 220, 228. 
Slide valves, 878. 
SplashoH. height of, 182, 189. 

— velocity of, 188. 

Splashing of evaporating liquids, 182. 
Sprinkler, 228. 
Steam at rest, 298. 

— huhbles, 160. 

— coils, 38, 89, 42, 45, 298. 
dimensio!i8 of, 45. 

— extra, 62. 95, 114. 

— heaters, 184. 

— in pipes, velocity of, 167. 

— pipes, 161. 

diameWr of, 225, 240. 

— pressure of currents of, 117. 
>- saturated, 18, 28. 

— injection of, 18. 

— pro|>crtic8 of, 80. 

— superheated, 21. 

— through valves, 50. 
Stirrers, 60. 

Strength of liquor, 88, 108, 109. 
Superheating steam, 22. 
Surface-condensers, 207, 255, 375. 
open, 2vS7. 
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Tem|H»ratUTt* difference, 1. 
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Temperature, fall in, 72. 
Towers, cooling. 331. 
Transference of heat, 28. 
Transmission of heat, 1, 13. 
Triple-effect evaporator, 66, 81, 90, 99. 
Tubes, condenser, 275. 

— cooler, 274. 

— horizontal, 138. 
Tubular heaters, 33. 
Turpentine, 59. 



Vacuum, 28, 56. 

— apparatus, 56. 
Valves. 50, 180, 370. 
Vapour, alcohol, 170, 172, 174. 

— pressures, 58, 74. 
Velocity in pipes, 181, 308. 

— of splashes, 133. 

— steam and gases, 120. 
Viscous liquids, 37. 
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Waste-water pipe, 215. 
Water, condensed, 84. 

— cooling, 212, 259. 

air by, 335. 

by air, 328. 

— distribution of, 219, 243, 253. 

— drops of, 117. 122, 227, 234. 

— injected, 226. 

— jets of, 227, 234. 

— pipes, diameter of, 178, 242.. 

— shoots of, 219, 227, 234. 

— supply pipe, 213. 

— to be evaporated, 109. 

— velocity in pipes, 181, 182, 308. 
Weights and measures, xix. 



THE KHKRDEEN UNIVERSITY PRESS LIMITED. 



Catalogue 



JANUARY, 1906. 



OF 



hpeeial iDeednieal Li/ or/is 



FOR 



Manufacturers, Students, and Technical 

Schools 

BY EXPERT WRITERS 



INDEX TO SUBJECTS. 



PAGE 

Agricultural Chemistry ... 10 
Air, Industrial Use of ... 11 
Alum and its Sulphates ... 9 
Ammonia ... ... ... 9 

Aniline Colours 3 

Animal Pats 6 

Anti-corrosive Faints ... 4 
Architecture, Terms in ... 30 
Architectural Pottery ... 16 

Artificial Perfumes 7 

Balsams 10 

BiblioKraphy 32 

Bleaching 2A 

Bone Products 8 

Bookbinding 31 

Brick-making ... 15, 16 

Burnishing Brass 28 

Carpet Yarn Printing ... 21 
Ceramic Books ... 14, 15 

Charcoal 8 

Chemical Essays 9 

Chemistry of Pottery ... 17 
Chemistry of Dye-stufTs ... 23 

Clay Analysis 16 

Coal-dust Firing 26 

Colour Matching 21 

Colliery Recovery Work ... 25 
Colour-mixing for Dyers ... 21 

Colour Theory 22 

Combing Machines 24 

Compounding Oils 6 

Condensing Apparatus ... 26 

Cosmetics 8 

Cotton Dyeing 23 

Cotton Spinnmg 24 

Damask Weaving 20 

Dampness in Buildings ... 30 

Decorators' Books 28 

Decorative Textiles ... 20 

Dental Metallurgy 25 

Dictionaryof Psunt Materials 2 

Drying Oils 5 

Drying with Air 12 

Dyeing Marble 31 

Dyeing Woollen Fabrics ... 23 



PAGE 

Dyers* Materials 21 

Dye-stuffs 22 

Enamelling Metal 18 

Enamels 18 

Engraving 31 

Essential Oils 7 

Evaporating Apparatus ... 26 
External Plumbing 27 

•^nCS ••• »•• .«• •••9| O 

Faults in Woollen Goods... 20 

Gas Firing 26 

Glass-making Recipes ... 17 

Glass Painting 17 

Glue Making and Testing... 8 

Greases 5 

History of Staffs Potteries 16 
Hops ... ... ... ... 28 

Hot-water Supply 28 

How to make a Woollen Mill 



PAGE 
... 6 
... 2 
... 27 
... 18 
... 16 
... 14 
... 19 
... 80 



3, 



Pav 

India-rubber 

» IslUI ••• ••» ••• 

Iron-corrosion 

Iron, Science of 

Japanning 

Lacquering 

Lake Pigments 

Lead and its Compounds... 

Leather Industry 

Leather-working Materials 
Lithography 

Lubricants 

Manures 

Mineral Pigments ... 

Mine Ventilation 

.Mine Haulage 

Oil and Colour Recipes .. 

Oil Boiling 

Oil Merchants' Manual .. 

V^llo ••• ••• ••• «• 

Ozone, Industrial Use of.. 

Paint Manufacture 

Paint Materials 

Paint-material Testing 
Paper-pulp Dyeing 



21 

13 

11 

4 

26 

28 

28 

2 

11 

13 

14 

31 

..5.6 

8. 10 

.. 3 



25 

25 
3 
4 
7 
5 

12 
2 
3 
4 

18 



Petroleum 

Pigments, Chemistry of 
Plumbers' Work ... 
Porcelain Painting... 
Pottery Clays 
Pottery Manufacture 
Power-loom Weaving 
Preserved Foods ... 
Printers' Ready Reckoner 31 

Printing Inks 

Recipes for Oilmen, etc. .. 

S\d*lli9* •■ ••• ••• ••• 

Risks of Occupations 
Rivetting China, etc. 
Sanitary Plumbing 

Scheele's Essays 

Sealing Waxes 

Silk Dyeing 

Silk Throwing 

Smoke Prevention 

ooaps ... ... ... i«» 

Spinning 

Staining Marble, and Bone 

Steam Drying 

Sugar Refining 

Steel Hardening 

Sweetmeats 

Terra-cotta 

Testing Paint Materials ... 

Testing Yams 

Textile Fabrics 

Textile Materials ... 
Timber 

Varnishes 

Vegetable Fats 
Waste Utilisation ... 
Water, Industrial Use 
Waterproofing Fabrics 
Weaving Calculations 
Wood Waste Utilisation 
Wood Dyeing 
Wool Dyeing 
Writing Inks 
X-Ray Work 
Yam Testing 



3 

3 

10 

11 

16 

28 

9 

11 

22 

19 

26 

7 

20 

31 

11 

... 32 

... 26 

... 80 

... 16 

... 4 

... 20 

20 

19,20 

... 29 

... 4 

... 7 

... 10 

... 12 

... 21 

... 20 

... 29 

... 31 

22.23 

... 11 

... 13 

... 20 



PUBLISHED BY 



SCOTT, GREENWOOD & CO., 

19 LuDGATE Hill, London, E.C. 



TtL AddrMi: *« PBI1ITERIE8, LOMDOM**. 



Tel. Mo. 5108, Banlu 



Paints, Colours and Printing 
Inks. 

THE CHEMISTRY OF PIGMENTS. By Ernest J. Parbv. 
B,Sc. (Lond.l. P.I.C., F.C.S.. and J. H. Cobte. P.I.C. PCS. Dtmjr 

Svo. Pive llluslrjti.>ns. 285 pp. 1902. Price 10s. 6d- ; '"'^ ' 

Caloa'ma. I U. ', Other Coualries. 12s, : strictly net. 
Contents! 

' llRtraduclary. LiR>il-~Wlil» Li|(lil— The Spcelnim— The lioivble Specti 

Pniniry and OimplTmcnlary Caloun-^^alourv] Bodies— Ab»rill' 
cation <tt Plni*nu. Uao ol e%t,minim: Ariirtic. Dewraiivc 
DlRKmcnu : Punli and Crajroni. Walor CahMr, T 
XerainiB AR. EaimeJ, S 
L«»d— Zinc Wkila— Bn( 



Encflintic PiiDtiDie, OiUiokiur PiirAtiiiB, ' 

McHlc-taornale PUnMla. White _ .,., . 

Red LrHd— LithiiM— V^milian-Ronl Scm-IbI— The ChramiuiH 



indTaTrcurv- _ 

■ ud Uiubere— uoht Red— Oippuh Brown- 
■iu Bni¥ni — Coball Cotoun^CofuleuDi - 



areenical Greens— Copper Bloei— Utlmnariiw— Cirt»B 
— Biiln— Nuple* Yelloir— Araeeic SuIpfaidH : Orpin 




sl.ur L*£ei— Redn^<lie»-. 



THE MANUFACTURE OF PAINT. A Practical Handboo) 
for Paint Manufacturers. Merchants and Painters. By J. CRu:cKSHAin 
Smith, B.Sc. DemySvo. 1901. 200 pp. Sixty Illustrations and 0" 
I.arge Diagram. Price 7s. 6d. ; India and Colonies. 8s. : OK 
Countries. Xs. 6d. ; atrictly net. 

Contents. 

* Picparatian ot Itaw MMerinL— Stnriu of Raw Muerinl- Teetioi) and VaJuMioa of H 
Matenil— Psini Plant and Maehinery-^^e Grinding of While Lead-CHndiro -J \v\ 
ZiiK — Qrlndina of other White Pionenti— Gnndina o[ Oalde Painla— Grindiai 
in— Grinding of Blacli Palnti -Grinding of ChBn ' 



ChemL_. 
Co(uu« in 



t Colourt— Bli««— Grin 
■■' — Orinding Colo 



Red*— Crii 



??-,; 



Lakes -C< 






DICTIONARY " OP CHEMICALS . AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE 
PAINTS. COLOURS. VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hirst. P.C.S. 

8vo, 380 pp. 190!. Price 79. 6d. ; India and Coloniea. 8s. 
Countri03. 8s. 6d, ; strictly "et. 

THE MANUFACTURE OF LAKE PIGMENTS PROM 
ARTIFICIAL COLOURS. By I-k 

F.l.C. i-.C.S. Sixteen Coloured Plates, showing Speoifiiens of 
Eigtity-nlna Colours, specially preparad from the Reolpes kI«( 

In the Book. I3fi pji. Demy Svo. 1900. Price 7s. 6d. ; India ai 
Colanies. 8a. ; Other Countries, 8a. Bd. ; strictly net. 
contents. 

The Croupi of (he AniHciil Colmirinn Matters— The Nature and Manipulaiion at AniCo 
Colour.— Lafce-lorminB BoJiea for Acid Colours— Lalie.formmg Bodies" iiuic Colaur*-ljl 
□asea— The Principles ol Lake Pornutron- Rrd Lakes— Orange, Yellnw. Oroa. Blue. Viol 
- i__. .. . .,,^ ^^ Colours in the Form ul Piginean-- 

_. J .4niflcia1 CDlnum-Waahing, Piltwing and 

ling— Matching and Toting Lake Pigmenti- Indei. 



THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. 1901. Price 12s. 6d. ; India and Colonies 13s. 6d. ; Other 
Countries, 15s. ; strictly net. 

Contents. 

Introduction— Ph>'8ico-chemical Behaviour of Pigments — Raw Materials Employed in 
the Manufacture of Pigments— Assistant Materials— Metallic Compounds— The Manufacture 
of Mineral Pigments— The Manufacture of White Lead— Enamel White— Washing Apparatus 
— Zinc White — Yellow Mineral Pigments — Chrome Yellow— Lead Oxide Pigments — 
Other Yellow Pigments — Mosaic Gold— Red Mineral Pigments— The Manufacture of Ver- 
milion—Antimony Vermilion— Ferric Oxide Pigments— Other Red Mineral Pigments— Purple 
of Cassius — Blue Mineral Pigments— Ultramarine — Manufacture of Ultramarine — Blue 
Copper Pigments— Blue Cobalt Pigments— Smalts— Green Mineral Pigments— Emerald 
Green— Verdigris— Chromium Oxide— Other Green Chromium Pigments— Green Cobalt Pig- 
ments — Green Manganese Pigments — Compounded Green Pigments— Violet .Mineral Pig- 
ments — Brown Mineral Pigments— Brown Decomposition Products— Black Pigments— Manu- 
fkcture of Soot Pigments— .Manufacture of Lamp Black— The .Manufacture of Soot Black 
without Chambers— Indian Ink— Enamel Colours— Metallic Pigments— Bronze Pigments- 
Vegetable Bronze Pigments. 

PioaeNTS OP Organic Origin — Lakes — Yellow Lakes— Red Lakes — Manufacture of 
Carmine — The Colouring Matter of Lac— Safflower or Carthamine Red— Madder and 
its Colouring Matters — Madder Lakes— Manjit (Indian Madder)— Lichen Colouring Matters — 
Red Wood Lakes— The Colouring Matters of Sandal Wood and Other Dye Woods— Blue 
Lakes— Indigo Carmine — The Colouring .Matter of Log Wood— Green Lakes— Brown Organic 
Pigments — Sap Colours — Water Colours — Crayons — Confectionery Colours— The Preparation 
of Pigments for Painting— The Examination of Pigments — Examination of Lakes — The 
Testing of Dye- Woods — The Design of a Colour Wori«s— Commercial Names of Pigments — 
Appendix: Conversion of Metric to Enizlish Weights and Measures— Centigrade and Fahrenheit 
Thermometer Scales — Index. 



RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350. pp. 1902. Demy 8vo. Price 78. 6d. ; 
India and British Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Pigments or Colours for Paints, Lithographic and Letterpress Printing Inks, etc. — 
Mixed Paints and Preparations For Paint-making. Painting, Lime-washing, Paperhanging, 
etc. — Varnishes for Coach-builders. Cabinetmakers, Wood-workers, Metal-workers, Photo- 

Sraphers, etc. — Soaps for Toilet, Cleansing. Polishing, etc. — Perfumes — Lubricating Greases, 
Mis, etc. — Cements, Pastes, Glues and Other Adhesive Preparations — Writing, Marking, 
Endorsing and Other Inks — Sealing-wax and Office R^c^uisites — Preparations for the Laundry, 
Kitchen. Stable and General Household Uses — Dismfectant Preparations — Miscellaneous 
v^repa rations — I ndex. 

OIL COLOURS AND PRINTING INKS. By Louis 

Edgar And£s. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. 1903. Price 5s. ; India and British Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly Net. 

Contents. 

Linseed Oil — Poppy Oil — Mechanical Purificution of Linseed Oil — Chemical Purification of 
Linseed Oil — Bleachmg Linseed Oil— Oxidizing Agents for Boiling Linseed Oil — Theory of 
Oil Boiling — Manufacture of Roiled Oil — Adulterations of Boiled Oil— Chinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers* Black Inks — Substitutes for Lampblack — .Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint .Mills — Manufacture of 
House Oil Paints — Ship Pamts — Luminous Paint — Artists' Colours — Printers* Inks:— 
VBHICLES-Printers' Inks:— PIOMFNTS and MANUFACTURE- Index. 

[St-e also Writing Inksy p. ii.) 



SIMPU: METHODS FOR TESTING PAINTERS' 
MATERIALS By A. C. Wriomt. M.A. lOxon.). BSc 

U>nd I CroWT, Sto IW pp. 1903. Pnce Ss. . InJia anJ Biiliih 
<.'iil(>nii:«. Si. 6d., Otfaer Countries. 6s. ^ UricUy Net. 

Contents. 

J 'Tn»»- IVT Ce)<nn-Si^ Pikm— LaMul ud Buincf P>ii 
if - " J C^Aatrt tma Psatt— WMi* Ptgm- ' ~ ~ 



IRON - CORROSION. ANTI - FOUUHG AND ANTI- 
C0RR03ITE PAINTS. Tran&laied from the German of 
Lot.'is Emuh AhoiLs, Siilytwo Illuslraciuns. 275 pp. OemyStD. 
190(1. Pnoc 10». 64. ; ImTia hikI Colonies. I Is. ; Other Countries, ISs. ; 
strictljr net. 

Contents. 



THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU 
FACTURK. By M. \V. Jones. FC.S. A Book (or the 
Labors iori«s of Colour Wcrks. 33 pp. Crown 8 vo. 1900. Price $>.i 
India and Colonies. 5a, 6>1. : Olh«r Countries. 6s. : strictly net. 
contents, 



STUDENTS- MANUAL OF PAINTS, COLOURS. OILS 

AND VARNISHES By JnHv Hi K\ti.i„ Crown Svo. 12 

illuilraiji.ni -ill pp !t«i:l, Price 2^ hU : Abroad, Ss. -. strictly net. 



A'arnishes and Dn'ing Oils. 

THE MANUFACTURE OF VARNISHES. OIL RE- 
FININO AND BOILING. AND KINDRED INDUS- 
TRIES. Translated from the French of Ac». Livache, 

litgrnicur Civil dus Mines. Greatly Exlcnd^ and Adapted lo 
English Practice, with nurneraus Original Recipes by John 
asoDEs .MclKTDSH. Z7 lllustraiions. 400 pp. Demy Svo. I8t«>. 
Price 12s. 6d.i India and Colonies, i»s. 6d. ; Other Countries. 159.; 
ttrictly net. 



Contents. 

Resins — Solvents: Natural, Artificial, iManufacture, Storage, Special Use — Colouring: 
Principles, Vegetable, Coal Tar, Coloured Resinates, Coloured Oleates and Linoleates — 
Gum Running : Melting Pots, Mixing Pans — Spirit Varnish Manufacture: Cold Solution Plant, 
Mechanical Agitators, Storage Plant — Manufacture, Characteristics and Uses of the Spirit 
Varnishes — Manufacture of varnish Stains — Manufacture of Lacquers — Manufacture of 
Spirit Enamels — Analysis of Spirit Varnishes — Physical and Chemical Constants of Resins — 
Table of Solubility of Resins in different Menstrua — Systematic qualitative Analysis of 
Resins, Hirschop's tables — Drying Oils— Oil Refining: Processes — Oil Boiling— Driers — 
Liauid Driers — Solidified Boiled Oil — Manufacture of Linoleum — Manufacture of 
India Rubber Substitutes — Printing Ink Manufacture— Lithographic Ink Manufacture — 
Manufacture of Oil Varnishes — Running and Special Treatment of Amber, Copal, Kauri. 
Manilla — Addition of Oil to Resin — Addition of Resin to Oil— Mixed Processes — Solution in 
Cold of previously Fused Resin — Dissolving Resins in Oil, etc., under pressure— Filtration 
— Clarification — Storage — Ageing — Coachmakers' Varnishes and Japans— Oak Varnishes — 
Japanners' Stoving Varnishes — Japanners* Gold Size — Brunswick Black — Various Oil Var- 
nishes^-Oil-Vamish Stains — Varnishes for "Enamels" — India Rubber Varnishes — Varnishes 
Analysis: Processes, Matching — Faults in Varnishes: Cause, Prevention — Experiments and 
Exercises. 



DRYING OILS, BOILED OIL AND SOLID AND 

LIQUID DRIERS. By L. E. Andies. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra- 
tions. 342 pp. 1901. Demy 8vo. Price 12s. 6d. ; India and Colonies, 
13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Properties of the Drying Oils ; Cause of the Drying Property : Absorption of Oxygen ; 
Behaviour towards Metallic Oxides, etc. — The Properties of and Methods for obtaining the 
Drying Oils — Production of the Drying Oils by Expression and Extraction ; ReHning and 
Bleaching; Oil Cakes and Meal; The ReHning and Bleaching of the Drying Oils; The 
Bleaching of Linseed Oil — The Manufacture of Boiled Oil; The Preparation of Drying Oils 
for Use in the Grinding of Paints and Artists' Colours and in the .Manufacture of Varnishes 
by Heating over a Fire or by Steam, by the Cold Prtx:ess, by the Action of Air, and by Means 
of the Electric Current: The Driers used in Boiling Linseed Oil; The Manufacture of Boiled 
Oil and the Apparatus therefor; Livache's Process for Preparing a Good Dr>'ing Oil and its 
Practical Application — The Preparation of Varnishes for Letterpress, Lithographic and Copper- 
plate Printing, for Oilcloth and Waterproof Fabrics ; The Manufacture of Thickened Linseed 
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air — Behaviour 
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies 
— Boiled Oil Substitutes— 1 he Manufacture of Solid and Liquid Driers from Linseed Oil and 
Rosin ; Linolic Acid Compounds of the Driers — The Adulteration and Examination of the 
Dr>'ing Oils and Boiled Oil. 



Oils, Fats, Soaps and Perfumes. 

LUBRICATING OILS, FATS AND GREASES: Their 

Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By GeorCiE H. Hurst, F.C.S. Second Revised 
and Enlarged Edition. Sixty- five Illustrations. 317 pp. Demy 8vo. 
1902. Price 10s. 6d. ; India and Colonies, lis. ; Other Countries. 12s 
strictly net. 

Contents. 

Introductory— Hydrocarbon Oils— Scotch Shale Oils- Petroleum— Vegetable and 
Animal Oils— Testing and Adulteration of Oils— Lubricating Oreases-Lubrication— 
Appaodlcas— Index. 



TECHNOLOGY OF PETROLEUM : Oil Fields of the 

World— Tiie if Histor\ . GcoRrnpliy and Geology— Annual Produtti 
and Dcvtlopmtnt— oil-well DriUinn— Transjiort. By Henrt Neo- 
BBRGER and Henry Noalhat. Tr^nsliiled frum the French by J, C> 
McIntosh. SSUpp. 153 Illustrations. 26 Plates. Super Royal 8vo. ISOl 
Price 21s, ; India and Colonies, 22s. ; Other Countries, 23s. 6d. 

ContentB> 

troJcuni— DeBflilloo— Tbc (icnuli or Ongl' < 
Hiilor)— Phyuol GcaMniphy Hid Gtolaa * 
'--'-^ ■ -ind Law — EcfKiflAic HinUna Wcrtnl 



etc.— Raunuinii--Hiui>i7, Gtrmnphy, Otology— Pttrolnim in RuhIb— Hi 
PMroloim (confiiniitl)— OeograpGy and Qcoliuy of tbc CiuicBnan Oil Fields— 
launi (coKfiiiuiO— The Secondary Oil Pieldi oFBuroix. Xenhern Ccnniny. Ala 
Pumlcum in FnncE— Petrolsum in Aslar— Trsnisupiin and Turlmnn TemCi 



— Pcnia— I 

Thibet— JapiD, PannDU wid Suglul 
Id* of TmiiH^Phili|>piiH IiIcb— Nm 
Pkyeical Qeokiay and O&wnehr of II 
AnMFisBn Oil Rddi— Boonomii: D*t 

EicavaUoH-Hafid Eicavaiion • 
Method* ol BorloE. 
Acdduta— Bonng Acddenu-ltli 
— EiplDuvaandllieute trf lhe"Tt>r 

aenaral Data— Cuilanary Fa 



SiSS 



Levigx loa— StorinK and Tnuport of Pttrok 
andearryinganorPclraleuiTi Bonng OperMil 
!— MemcBtD. Praclicil Part. Cencni O 



THE PRACTICAL COMPOUNDING OP OILS. TAL 
LOW AND GREASE FOR LUBRICATION, ETC 

By An Expert Oil Refiner. 101) pp. 189M. Demy Mvo, Pritc 7s. 6 
India and Colonies. Hs. ; Other Countries. 8e. 6d. ; strictly net. 

Content*. 

InlrudUCtory Remarha on Ihe G«ner»l NompnolBlUM nf Oils. Tallow and GiTi 
• u.ubl' l«r Lubnution — Hydrocarbon t)ils— Animal and Plah OIU — CoBini 
Oils— VeeelabJe Olla— Lamp Olls-EnKine Tallow. Sulidlllcd Oili and Pclrolt 
Jelly -Machinery OreaKi: Loco and A nll-lriction- Clarifying and LItllUal 
al Waste Fats. OH*. Tank Bottonls. Dralnlnin ol Barrel* and Drums. 
Lp, Dreffs, etc.-The Pliine and Cleanini ol Oil Tanks. etc.-Appt 



ANIMAL FATS AND OILS: Their Practical Productioi 

Purification and Uses for a grcal Variety of Purposes. Their Pn 
peities.FalsiHcalion and Examination. Translated from the Gcnna 
M Louis Edgar ANots. Sixty-two Illustrations. 240 np. I8SI 
DemySvo. Price lO-i. 6d. ; India and Colonies, lis.: Other tountrie 
12s.; strictly net. 



Prepsnitin 



iContants. 

lion— Oecgri 
ol Animal Pals and Olll-Mschinery— Ta 

Pillering Aprsntua-Butler: Raw fiUteri 

■lions. Buef Lard or Remdted ButUr, T«ling— Candlfr^lh t 
I— Odose Fat- Ntslsfpoi Oil— Dnne Fal: Bone Bnilini;. Sm 

-auo'sPraceia.'-KsisiV. ButMr,"j'al>rjrMUn>bcrg'aMeXd, F 
Matbod— Human Pat— Horse Pal— Beet Marrow— Turtle Oil— Hog's Lsrdr Kaw 
■ ~ ■ -kdulteralioBa, Eiaminslioii-Lf-- "■■ •"-■-""- •' 

of Pan and Oils ia Oaaan 



THE OIL MERCHANTS' MANUAL AND OIL TRADE 
READY RECKONER. Compiled by Frank F. Sherriff. 

Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Trade Terms and Customs — Tables to Ascertain Value of Oil sold per cwt. or ton — Specific 
Gravity Tables — Percentage Tare Tables — Petroleum Tables— Paramne and Benzoline Calcu- 
latioas--Customary Drafts — ^Tables for Calculating Allowance for Dirt, Water, etc. — Capacity 
of Circular Tanks Tables, etc., etc. 

THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 
FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. 411 pp. 20 Illustrations. 1899. Demy 8vo. 
Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s.; 
strictly net. 

Contents. 
The Qeneral Properties of Essential Oils— Compounds occurring in Essential Oils 
— Tbe Preparation of Essential Oils— The Analysis of Essential Oils— Systematic 
Study of the Essential Oils— Terpeneless Oils— The Chemistry off Artifficial Perfumes 
— ^Apf>endix : Table of Constants— Index. 

VEGETABLE FATS AND OILS : Their Practical Prepara- 
tion, Purification and Employment for Various Purposes, their Proper- 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar Andes. Ninety-four Illustrations. 340 pp. Second 
Edition. 1902. Demy 8vo. Price 10s. 6d. ; India and Colonies, 
lis.; Other Countries, 12s.; strictly net. 

Contents. 
Qeneral Properties— Estimation off the Amount of Oil in Seeds— The Preparation 
of iVeffetable Fats and Oils — Apparatus for Grindint; Oil Seeds and Fruits— Installation 

of Oil and Fat Worlcs— Extraction Method of Obtaining Oils and Fats— Oil Extraction 
Installations— Press Moulds— Non-dryinflT Vegretable Oils— Vegetable drylnif Oils- 
Solid Ve^table Fats— Fruits Yielding Oils and Fats— Wool-softening Oils— Soluble Oils- 
Treatment of the Oil after Leaving the Press — Improved Methods of Refining — Bleachinjr 
Fats and Oils — Practical Experiments on the Treatment of Oils with regard to Refining and 
Bleaching— Testing Oils and Fats. 

SOAPS. A Practical Manual of the Manufacture of Domestic, 

Toilet and other Soaps. By George H. Hurst, F.C.S. 390 pp. 

66 Illustrations. 1898. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; 

Other Countries, 15s. ; strictly net. 

Contents. 
Introductory— Soap-maker's Alkalies— Soap Fats and Oils— Perfumes— Water as 
a Soap Material— Soap Machinery— Technology of Soap - making:— Qlycerine in Soap 
Lyes — Laying out a Soap Factory— Soap Analysis— Appendices. 



Textile Soaps. 



TEXTILE SOAPS AND OILS. Handbook on the Prepara- 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing, Dyeing and Printing. By George H. Hurst, F.C.S. 
Crown 8vo. 195 pp. 1904. Price 5s.; India and Colonies, 5s. (xi. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Methods of Making Soaps— Hard Soup— Soft Soup. Special Textile Soaps— Wool 
Soaps — Calico Printers' Soaps— Dyers' Soaps. Relation of Soap to Water for Industrial 
Purposes — Treutin^i Waste Soap Liquors — Boiled Off Liquor— Calico Printers and Dyers' 
Soap Liquors — Soap Analysis— Fat In Soap. 

ANLVIAL AND VEGETABLE OILS AND FATS— Tallow-Lard— Bone Grease- 
Tallow Oil. VetfeUble Soap, Oils and Fats— Palm Oil— C«K:o-nut Oil— Olive Oil— Cotton- 
seed Oil— Linseed Oil— Castor Oil— Corn Oil— Whale Oil or Train Oil— Repe Oil. 

GLYCERLNE. 

TEXTILE OILS— Oleic Acid— Blended Wool Oils— Oils for Cotton Dyeing, l*rintin|{ and 
Finishing— Turkey Red Oil— Alizarine Oil— Oleine— Oxy Turkey Red Oils— Soluble Oil- 
Analysis of Turkey Red Oil— Finishers Soluble Oil — Finisher's Soap Softening — Testing and 
Adulteration of Oils — Index. 



Cosmetical Preparations. 

COSMETICS : MANUFACTURE. EMPLOYMENT 
AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 



i Coloi 



Other Couolrics, 



of Cotrn«t>ct — S^rcponliaa it 
Prepxratiofl ol CohbciJc*— Oili asd Fw* 



Con tents • 

Pu i po- M antl I'm of. und Inar«lical> uml in Ihc' F 

crfumn (™ Pnewin. DiM.lhit.~- " '■- 

letbnd^-Chcmiol ml Annul [ . _.. 

■al'iii the Preptmion of CoBneim— Cciicnl Cmnclic Prcpii 

--■— "--r INo. Hair ReMciRn and Dtpilatorks— Counccic Adiuncu isd 
1(1 CuvTWIic PrcpamioBS— Anliacplic WaifaB uit S<H[n-Taikt inj 

_,_ ini Pn|Mmwns (or Skin. Coniplcikin. Tcnh, Moulh. ttc.— Tali^i lat 

■c Mnieriilt Employwl in ih> .MonututuH of Cci«i«>c>- Inilcx. 

Glue, Bone Products and 
Manures, 

OLUE AND OLUE TESTING. By Samibl Rideal, D.Sc. 

(Lond.).F.I,C. Fourteen Engravings 144pp. DemySvo. 190a Price 

IDs. Ik].; India and Colonies, Its.: Other Countries, 12s.; strictly nee 

Cont»ntSi 

Cautltution and Propcrtiw; DcBniiiwii mi Sourco. Odalinc. Choadna and AIM 

" '' I. Pbyucal and Cbcmicil Prupcrlin. ClunReallan, Grade* isd Cat .... - - 



— R«w Material! u 



I MaBHlactnr 



y Prodocw— 



'. Plwbitcvphic 



w-<M|itiiw, Artilal 



,is; 



), PipH^Mairind Baak' 

., SoildUJV, *■- *'"'—:— — *— 

d CacHiichouc— <]clatia* : Ooitnil 

- la-. Chro ■ - ' ■ ■■ 

. . ,, II Ejtrac 

BKleriolDgy— aiuC Taittng: Review it Prnmi 

Phjiical TbU. VnluXion t.rRau MBttrisIt— Com 



BONE PRODUCTS AND MANURES : An Account of the 

most recent Improvements in Ihe Manufacture of Fat, Gloe. Animal' 
Charcoal. Site, Gelatine and Manures. By Thomas Lambert, Techni- 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 



. .. „ . . s of Glue— Uln 

— Umine ol aWn»— Wiihing-BoiliBg of Skiai— Ctanflatkin of G_„ 
id Clnn^ne-Hauae-SpeciAcUiun of it Glue— Site— Uia net Pic- 




rmiine inti Ci>n>Mitian of Siic— Conceninitcd S>h— (^ojwrtia of G*hillnc-~Prc«HUiM 
<jr SiiU> I )c '■»Di~D-yinE~ BiHW UclaliiM — Sekwtiiut Bona — Cnuhios— OhkI vinB— Blachiga. 

— BcnlLik-Pi^'lvti^iarGlulinandChandTin— Tatlnaof GluHUKfGclitilMi— Tlia ll»dr 
G\Kt. CiLiiri ■.,<■^ Si» in Vinous Trad»— Soluble nnd Liquid Olua-Stcnn ud WatennsT 
r,—] m porta tian of Pood StuIFb— Soiht— OeRBioation— PtanI Lit*— Nannl 

ropt— WaMr-CloMt Sfil 



Chemicals, Waste Products and 
Agricultural Chemistrye 

REISSUE OF CHEMICAL ESSAYS OP C. W. 

SCHEELE. First Published in English in 1786. Trans- 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. 1901. Price 5s.; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Memoir: C. W. Scheele and his work (written for this edition by J. G. Mcintosh) — On 
Fluor Mineral and its Acid— On Fluor Mineral — Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. VViegler — Additional Information 
Concerning Fluor .Minerals — On Manganese, Magnesium, or Magnesia Vitrariorum — On 
Arsenic and its Acid — Remarks upon Salts of Benzoin — On Silex, Clay and Alum — Analysis 
of the Calculus Vesical — Method of Preparing .Mercurius Dulcis Via Humida — Cheaper and 
more Convenient Method of Preparing Pulvis Algarothi — Experiments upon Molybdaena 
— Experiments on Plumbago — Method of Preparing a New Green Colour — Of the De- 
composition of Neutral Salts by Unslaked Lime and Iron — On the Quantity of Pure Air which 
is Daily Present in our Atmosphere — On Milk and its Acid — On the Acid of Saccharum Lactis 
— On the Constituent Parts of Lapis Ponderosus or Tungsten — Experiments and Obserxations 
on Ether — Index. 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA AND 

IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac- 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195' Illustrations. 400 pp. 
Royal 8vo. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s. ; strictly net. 

Contents. 

Theoretical Study of Aluminium, iron, and Compounds of these Metals- 
Aluminium and its Compounds — Iron and Iron Compounds. 

Manufacture of Aluminium Sulphates and Sulphates of Iron— Manufacture of 
Aluminium Sulphate and the Alums — Manufacture of Sulphates of Iron. 

Uses of the Sulphates of Aluminium and iron— Uses of Aluminium Sulphate and 
Alums — Application to Wool and Silk — Preparing and using Aluminium Acetates— Employment 
of Aluminium Sulphate in Carbonising Wool — The Manufacture of Lake Pigments — Manu- 
facture of Prussian Blue — Hide and Leather Industry — Paper Making— Hardening Plaster — 
Lime Washes — Preparation of Non-inflammable Wood, etc. — Purification of Waste Wateri 
— Uses and Applications of Ferrous Sulphate and Ferric Sulphates— Dveing— Manu- 
facture of Pigments — Writing Inks — Purification of Lighting Gas — Agriculture — Cotton Dyeing 
— Disinfectant — Purifying VVaste Liquors — Manufacture of Nordhausen Sulphuric Acid — 
Fertilising. 

Chemical Characteristics of Iron and Aluminium— Analysis of Various Aluminous 
or Ferruginous Products — Aluminium — Analysing Aluminium Products — A I unite 
Alumina — Sodium Aluminate — Aluminium Sulphate — iron — Analytical Characteristics of Iron 
Salts— Analysis of Pyritic Lignite — Ferrous and Ferric Sulphates — Rouil .Mordant — Index. 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 
and Uses. By Camille Vinxent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. 1901. Thirty-two IllU!»trations. Price 
5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

Contents. 

Qeneral Considerations: Various Sources of Ammoniacal Products; Human Urine 
as a Source of Ammonia— Extraction of Ammoniacal Products from Sewag'e— 
Extraction of Ammonia from Qas Liquor— Manufacture of Ammoniacal Com- 
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat— Manufacture of 
Caustic Ammonia, and Ammonium Chloride. Phosphate and Carbonate— Recovery 
•fiAmmonla f rom the Ammonia-Soda Mother Liquors— Index. 




HALY8IS OF RESINS AND BALSAMS. 

from ihc GcrniBn of Dr. Kari, Dieteri 
Price 7». (kl, ; Indin and Colonics, i 

Contents. 

IMIixlion or KMni in CwMnl-DfNnillw ol a>J 

HodlM uti Puis and Oila-Of^in, Ocoirrcn. 

»*»■>■-■ ' I'^-i" i-.."~r...L..nt. ...-.,,1), (h* CboloWfine Re>cti«u— Uin 

S, ■ . .11— Acid Vnlul— SiponiBcitioo Vjil 

- I . ThMiri V»lue— Mmhyl VkIuc— Re 

m.i: , AeU and Saponifiialioi Valu* TeH*. 

C<'i I iK-jin — Car1ha|{cqA Cnuilw B^am — Mn^ 

C^j'.... ^..,....i... : ii-OuriuniCDpiiibaBibain— Pan CspaHn B 

Uabwiil — Totu Baham^AcSirolil Rain — Arnin*— Ambv^Afncan and Wett ladin Kiao- 
Bthul Kino — LAMiiaun— Maatie— -pio* Raain^fiandorflEli — ScBnunaniuiD — Sbcllai: — Stwv 
— Adulmtinii of Stvrax Liquidua Cnidua— PuriiM Slonu— Slynui Cnidua CalalBV-TiB. 

■ahac—Thapaia Ravn — TurpcntiDa.— Chioa Turpcnline — Stniaburg Turpcntia* — Taraa4 
Turpmtliw. Qmn RMhu— Aaimcmuicuin— BdeKiun— EuphnrMuni — Gatbtniun— aunKc^ 

— Lacliiodum— M/i^— Opopanai— Sapipenu— "'■' ~ ' * -' i>— _ 

Aftihf^—Tharwa Main— Index. 



UANUAI. OF AGRICULTURAL CHEMISTRY. By 

Hkkhrrt Inglb. F.I.C, Lecturer on A^riculturul Chemistry, thi 
Yorkshire College; Lecturer in the Victoria University. 388 pp. II 
lllusir.iiioris. 1902. Demy 8vo. Price 7s,6d.: India and Colotiiis, "- " 
Other Countries, tts. 6d. net. 

contents. 



Pniducia— Ttw Analyxia of 



The PtaQt-CroEH-Tht Ammu 
or Milk and Milk Pmlucit^^ 



I- Pcwdaand Pccdinit— Milk ar 



THE UTILISATION OF WASTE PRODUCTS. A Treatise 
on the RAtionnl Utilisadun, Recovery and Treatment of Wuste PfW. 
ducts of all kinds. By l>r. Theouor Kollkr. Translated frain the 
Second kevised German Edition. Twenty-two lliustr.tlion». 1 
«\o. aSO pp. laoa. I'ritc 7s. Sd- ; India and Colonics. 8a. ; i 
CountHe.t. 6s. 6d, ; sincilv net. 



»■ WaiM— Irai 



id SlaughlCT^HauH: Refuic— Maoirfaeuu 

inm Waate-FTali Wast*— CalaniiiE SMC 
~ uiEhavc Waau— Rcaidni 
luorial Bank— tndiam tr 
. __ k Watte— Leatbcr Wailc-Qlua Mabif*' Wa 
. —i Ih* By>Pn>ducta d( the Manubcture ol Cod O* 
\MME-Hv-PrMlucta >n th( ManuFactun of Uincnil Wm 
I '.<ivr and Parcr Pulp Woriia— By-Prod IKI* in the TnaUi 
l>w Waste Slaller 'n the Manuhetan at Parcht 
- - ' - -itinuni RcDdko— Brokea 

iulpfaur — Burnl Pyntev — Silh 

ol Soiik^Wiait Pnxluwl in 

e of Sunjb— Slian 




11 

Writing Inks and Sealing Wzixes. 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. BvSigmund Lehner. 
Three illustrations. Crown 8vo. 162 pp. 1902. Translated from the 
German of the Fifth Edition. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s. ; net. 

Contents. 

Varieties of Ink — Writing Inks — Raw Materials of Tannin Inks — The Chemical Constitution 
of the Tannin Inks — Recipes for Tannin Inks — Logwood Tannin Inks — Ferric Inks — Alizarine 
Ink»— Extract Inks — Logwood Inks — Copying Inks — Hektographs — Hektograph Inks — Safety 
Inks — Ink Extracts and Powders — Preserving Inks — Changes in Ink and the Restoration of 
Faded Writing — Coloured Inks — Red Inks — Blue Inks--Violet Inks — Yellow Inks— Green 
Inksr— Metallic Inks — Indian Ink — Lithographic Inks and Pencils — Ink Pencils — Marking Inks 
—Ink Specialities — Sympathetic Inks— Stamping Inks — Laundr>' or Washing Blue — Index 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standaoe. Crown 
8vo. 96 pp. 1902. Price 5s. ; India and Colonies, 5s. 6d. ; Other 
Countries, 6s. ; strictly net. 

Contents. 

Materials Used for Maklnsr Sealfng-Waxes— The Manufacture of Sealing-Waxes— 

of the " 



Wafers — Notes on the Nature of the .Materials Used in .Making Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucilages — Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and Compounds. 

LEAD AND ITS COMPOUNDS. By Thos. Lambi:rt, 

Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. ; net. Plans and Diagrams. 

Contents. 

Histor^^— Ores of Lead— Geographical Distribution of the Lead Indu8tr>' — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
—Smelting of Lead Ores — Smelting in the Scotch or American Ore-hearth— Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
—Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Ja8. Fairie, F.G.S. Crown 8vo. 1901. 64 pages. Price 28. 6d. ; 
Abroad, 3s. ; strictly net. 

Industrial Hygiene. 

THE RISES AND DANGERS TO HEALTH OF VARL 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.S. (Lond.). 196 pp. Demy 8vo. 1900. 
Price 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly 
net. 

Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust — Trades in which there is Danger of Metallic Poisoning— Certain Chemi- 
cal Trades — Some Miscellaneous Occupations — Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations — Index. 



Industrial Uses of Air, Steam and 
Water. 

DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Purmulx. and Tables for Use in Practice. Trunslatcd from the 
German of E. Haussrand. Two rolding Diagrams and ThirUen Tabkt. 
Crown 8vo. 1901. 72 pp. Price Ss. ; India and Colonies, 3s. Si. 
Olhir Countries, 6b. : strictly net. 

Contents. 

Briiu-h nod MtiriG Svtlcnu Cimipond— Crntignde and Pihr. ThcmonicKn— Esuuuoi 

af Ihe Muiniuni Willhl af Smuniid Aijueoui Vnpour which can be conlxned in I bUo. 

A'r. II ilK Aimmphcrie Pruwre: A, With the Anumption that Ih* fir U ComfUlilr Saau- 
aliil wilh V«pogr both before Eofry ind after E»lt from the Apjamtu.— fl, Wliea in 
AtmusphttFi: Air >i Cumplftely Sstuntad Jv/°ri nWrr. but at ita sni iaoiilr 1, (art S«i>nlc4 
~C. When Ihe AlmAnpheria Air u hdI Silunlol wllk Moiaiun bctoM Entuia|i the Dqrat 
ApiuntuB— Drying Apparatut. in which, In Ihe Drying Chamtier, ■ Pr»uin: is ArtitcaUy 
Created. Higher or Lower than that ol lb* AtmoaplKre— Drring by Meana of Sai wrt M i rJ 
Steam, without Aii^Heiling Surlaee, Velocity of the Air Current. Dimenaioaa of the Pryiag 
Room, Surface ot the Drying Miierial. Loaaes <tt Heal.— Indch. 

{Sit also " Evafotaling, CcJirffUiriig aid Cooling Apparatui," p. a?.) 



PURK AIR, OZONE AND WATER, A Practical Treatise 

ot their Utilisation and Value in Oil, Grease. Soap, Paint, Glue and 
other Industries. By W. B. CowELi.. Twelve 1 Must rat ions. Crown 
Rvn. 8.T pp. 1900. Price 5s. ; India and Colonies, Ss, 6d. : Other 

Countries. 6s.; strictly net. 
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THE INDUSTRIAL USES OP WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS- PURIFICATION— ANALYSIS. 

»y H. DE LA CouK. Roy,^l 8vo. Translated from the French and 
Revised by Arthur MoHurs. 3fi4 pp. 135 Illustrations. 1903. Price 
lOs. (id. ; Colonies, lis.; Other Countries, 12b,: strictly net. 
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X Rays. 



PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work, Fifty-two Illustrations. 200 pp. 1901. Price 10s. 6d. ; India 
and Colonies, Us. ; Other Countries, I'is. ; strictly net. 

Contents. 

Historical— Work leading up to the Discovery of the X Rays — The Discovery— Appara- 
tus and Its Management — Electrical Terms— Sources of Electricity — Induction Coils — 
Electrostatic Machines — Tubes — Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens — Practical X Ra>^ Work— Installations— Hadioscopy—Radioj»raphy — 
X Rays in Dentistr>' — X Rays in Chemistry — X Rays in War — Index. 

List Of Plates. 

FtontispUcc — Contjenital Dislocation of Hip-Joint. — I.. Needle in Finj^er. — II.. Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V , Stellate 
Fracture of Patella showing shadow of "Strapping". — VI., Sarcoma.— VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XI., Bar- 
ren's Method of Localisation. 

India- Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Translated 
from the French of T. Seeligmann, G. Lamy Torvilhon and H. 
Falconnet by John Grddes McIntosh. Royal 8vo. Eighty-six 
Illustrations. Three Plates. 412 pages. 1903. Price 12s. 6d. ; 
India and Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

India- Rubber — Botanical Origin — Climatology — Soil — Rational Culture and Acclimation 
of the Different Species of India-Rubber Plants — .Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Ruhber — Classification of the Commercial Species of 
Raw Rubber — Physical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washing, 
Drying — Preliminary* Observations — Vulcanisation of Normal Rubber — Chemical arid Physical 
Properties of Vulcanised Rubber — General Considerations — Hardened Rubber or Ebonite — 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis 
of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — Imitation Rubber. 

Qutta Percha— Botanical Origin— Climatology— Soil— Rational Culture — Methods of 
Collection — Classification of the Different Species of Commercial Gutta Percha— Physical 
and Chemical Properties — Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. 



Leather Trades. 



PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal 8vo. 1901. 123 Illustra- 
tions. Price 21s. ; India and Colonies, 22s. ; Other Countries, 2ds. 6d. ; 
strictly net. 

Contents. 

Preface — Translator's Preface — List of Illustrations. 

Part I., Materials used in Tanning-Skins: Skin and its Structure: Skins used in 
Tanning; V'arious Skins and their Uses — Tannin and Tanning Substances: Tannin: Barks 
(Oak); Barks other than Oak: Tanning Woods : Tannin-bearing Leaves; Excrescences; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs: Tanning Juices: Tanning Substances 
used in Various Countries: Tannin Extracts: Estimation of Tannin and Tannm Principles. 

Part II., Tanning — The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
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r-^-~ .-— J" CItith: Papier Mlcht^ Uoolcu 

.'., Leatbar Tcatldt and IhaTliaoryafTuiiiliw— luting ■» , 

Phyaicxi Tnllng of Tinned Leather; Chemicei ADilyiie— The Theory of Tsnnlns and ^ 
other Operuione oF the Lcatber and Shin Indutry: Theurr of SaahinM: Theory of Uf 
hiirinn: Theory of SwelUnB; Theory of Handling; Theory of Tanning; Theory al Ihl 
Action of Tannlfl on the Skin; Theory oF Hunnir Leather Making, llieaiy oF Tn-^nf. 
Theory oF Chamoy Leather Making; Theory of Mineral Tanning. 

Part VI., Uaea of LMtlwr-Machine lielu: ManuFaetun oT Bcltine; Leather Oiwg 
Relti; VariDui Belli, Un of Belu— Boot End Shoe-making: Bonis and Shoes; Lae»» 
Saddlery: Cnnipojitioa of a Saddle; Conitruction of a Saddle-Hanw The l>eck Si<Mle; 

Appendit. Tlu Worlit't CniBBieFCi In Leithcr— Eurnpe; Amtrica; A>i*: Afnci: 



THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium oF Practical Recipes and \S'orking Formulx tor Curriers. 
Boot makers. Leather Dressers, Blacking Manufacturers. Saddlers, 
Fancy Leather Workers. By H. C. Standaoe. 165 pp. 1900. Price 
7b. 6d. ; India and Colonies. 8s.; Other Countries. 8s. 6d. ; strictly 

Content*. 

Btimkinei. Patiihes. Ololaei, Druilngi, Renovatnn. etc. For Boot ud] Shoe Leathei — 
Hameai Btuckingii, DreuingB. Greatei, Compnurtioni, Soipa. anj Boot-trKi Powden am) 



Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Espcrts, and Edited by Ch.\s. F. Binns. Revised Third Edilioa 
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Contents. 

Introdactlon. The Rise and Prepress of the Potter's Art— Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcclatn and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sa|i(ger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips—Qlaxes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours — Oold and 
Gold Coloars. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underalaze Colours, 
Plow Powders, Oils and Varnishes— Means and Methods. Reclamation ot Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold— Classification and 
Analysis. Classification of Clav Ware, Lord Playfair's Analysis of Clays, The Markets of 
the World, Time and Scale of Firing, Weights of Potter's Material, Decorated (loods 
Count— Comparative Loss of Weight of Cla>-s — Ground Felspar Calculations — The Conver- 
sion of Slop Body Recipes into Dry Weight — The Cost of Prepared Earthenware Clay — 
Foms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking, 
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop ^int 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America — Indax. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufkcture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. 1897. Price 12s. 6d. ; India and 
Colonies, 13s. 6d. ; Other Countries, 15s. ; strictly net. 

Contents. 

Preface — The Chemistry of Pottery — Analysis and Synthesis — Clan's and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emilb 
BouRRY. Translated from the French by Wilton P. Rix, Examiner 
in Pottery and Porcelain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 1901. 760 pp. 323 Illustrations. Price 21s. ; India and Colonies, 
22s. ; Other Countries, 23s. 6d. ; strictly net. 

Contents. 

Part I., General Pottery Methods. Definition and Histor>-. Definitions and Classifi- 
cation of Ceramic Products — Historic Summary- of the Ceramic Art — Raw Materials of 
Bodies. Clays: Pure Clay and Natural Clays — Various Raw Materials: Analogous to Clay — 
Agj{lomerative and Agglutinative — Opening; — Fusible — Refractor\' — Trials of Raw Materials 
— Plastic Bodies. Properties and Composition — Preparation of Raw Materials: Disaggrega- 
tion — Purification — Preparation of Bodies: By Plastic Method — By Dry Method— By Liquid 
Method — Formation. Processes of Formation : Throwing — Expression — Moulding by Hand, 
on the Jolley, by Compression, by Slip Casting — Slappini^ — Slipping — Drying. Drying of 
Bodies — Processes of Drying : By Evaporation — By Aeration — By Heating--J3y Ventilation 
— By Absorption — Glazes. Composition and Properties — Raw Materisus — Manufacture 
and Application — Firing. Properties of the Bodies and Glazes during Firing — Description 
of the Kilns — Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration. 

Part II., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, 
Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles— Paving Tiles — 
Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — Common Pottery 
— Pottery for Water and Filters— Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification : Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug>^Tcsts for Fireclay Goods — 
Faiences. Varnished Faiences— Enamelled Faiences — Silicious Faiences — Pipeclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware. Stoneware Properly So-called : Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical Productions — 
Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain— Soft Vitreous Porcelain, French and New Sevres — 
Argillaceous Soft or Seg«*r's Pofcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain — Index. 
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A Reissue of 
rPHE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. 1900. Royal 8vo. Price 14s. ; 
India and Colonies, 15s. ; Other Countries, 16s. 6d. ; strictly net. 

Contents. 

PART I., ANALYSIS AND MATERIALS.— Introduction : Laborator>' and Apparatus 
Elements^Temperature— Acids and Alkalies— Tlie Eartlis— Metals. 

PART II., SYNTHESIS AND CO.M POUNDS.— Science of Mixing— Bodies : Porcelain 
—Hard, Porcelain — Fritted Bodies, Porcelain — Raw Bodies, Porcelain — Soft, Fritted Bodies, 
Raw Bodies, Stone Bodies, Ironstone, Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted 
Pearl, Fritted Drab, Raw Chemical Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, 
Raw Drab, Raw Brown, Raw Fawn, Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, 

gueen's Ware, Cream Colour, Blue and Fanc>' Printed, Dipped and Mocha, Chalky, Rings, 
tilts, etc.— Qiazes: Porcelain— Hard Fritted Porcelain— Soft Fritted Porcelam — Soft 
Raw, Cream Colour Porcelain, Blue Printed Porcelain, Fritted Glazes, Analysis of Fritt, 
Analysis of Glaze, Coloured Glazes, Dips, Smears and Washes; Glasses: Flint Glass, 
Coloured Glasses, Artificial Garnet, Artificial Emerald, Artificial Amethyst, Artificial Sap- 
phire, Artificial Opal, Plate Glass, Crown Glass, Broad Glass, Bottle Glass, Phosphoric Glass, 
British Steel Glass, Glass-Staining and Painting, Engraving on Glass, Dr. Faraday's Experi- 
ments — Colours : Colour Making, Fluxes or Solvents, Components of the Colours : Reds, 
etc., from Qold, Carmine or Rose Colour, Purple, Reds, etc., from Iron, Blues, Yellows, 
Greens, Blacks, White, Silver for Burnishing, Gold for Burnishing, Printer's Oil, Lustres. 
TABLES OF THE CHARACTERISTICS OF CHEMICAL SUBSTANCES. 



Glassware, Glass Staining and 

Painting. 

RECIPES FOR FUNT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Crown 8vo. 1900. Price for United Kingdom, 
10s. 6d. ; Abroad, 15s.; United States, $4; strictly net. 

Contents. 

Ruby — Ruby from Copper — Flint ior using with the Ruby for Coating — A German Metal — 
•Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — Turquoise Blue — Gold Colour- 
Dark Green — Green (common)— Green for Malachite — Blue for Malachite — Black for Mela- 
chite — Black — Common Canary Batch — Canary — White Opaque Glass — Sealing-wax Red — 
Flint — Flint Glass (Cr>'stal and Demi) — Achromatic Glass— Paste Glass— White Enamel- 
Firestone— Dead Whiie (for moons) — White Agate — Canary — Canary Enamel — Index. 

A TREATISE ON THE ART OP GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. IVicc 7s. 6d. ; India and Colonies, 8s. ; Other Countries, 
8s. 6d. net. 

Contents. 

A Short History of Stained Glass — Designing Scale Drawings — Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows — The Colours and Brushes used in Glass 
Painting — Painting on Glass, Dispersed Patterns — Diapered Patterns — Aciding — Firing — 
Pret Lead Glazing — Index. 
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PAIKTIKG ON GLASS AND PORCKLAIN ANT 
ENAMEL PAINTING. A Complete Introduction to the 

Prepara:u>n -.f all the Coi0 Axr% and Fluxes used for PaLictiiig on Porcc^ 
la.n. EnameL Faiecce aod ScooemaiTc. the Coloured Risses and Co- 
ouned Glasses, to^gtzhcr wi:h a Minute De^icripcioo <rf the Fu-ing if 
Cotours ard Erac:«:is. Bj Felix Hebljiaw. Tcchnkal Cb emJst . Wita 
E^ghreet: IHust^-ar.'.-ciSw 9:<> pp. Trasslated froo the Gerciar: sccori 
2:1*1 i-.j.-i':^ E*i::.cr lrft*7. Pr-.ce 10*. 6d. ; India a&i Colonies. 
I ! • «>Lrer C urt— .e* lis. . strict; v net. 
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_ Contents. 
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C-iw.ur FT.j<jt"* — Tre J:";ur«c C-^juho — C'tnrpCMirce :# ti!» Porae£jcz Ca«oc::r 
»iZ.:ii.»i.-^ i.-oat* * - .»- ^"rnrc W^*^ — Metallic Crsxiaexta 
G-Ji:-?;^ — F -r:«[ t.-* ^ -.u ur% Restart t« F rrtna Fjr«^ Odoorv ac Gi 
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P«=Bxr«.« .1; i-rc Z> -^trrar M<r'^c«^ zf rrairr-af tv G^ask. PororiEB. etc: — A^^KoirM C 



Paper Staining. 



THE DYEING OF PAPEB PULP. A Practical Treatise for 

t.rse jiae :f ?a rerrr:aier>. Pa^rstaixiers. Stxadents aod others. By 
.'.:_. IS E*.^.?r Mara^r erf a Paper .M:!L Translated into English 
isui E-i :s.- -r-.'z .Adii^oc* by Jci^ius Htbseb. F.C.S.. Lecturer 00 
pAnerr:i*-r^ a: tie .^larcrester Mcsnidpal Techxucal SchooL Ulth 
:. .^«crz:>cc« arvi 1S7 pattns 90 Wtptr ^^9^ iB llM pHlPw Royal 
> : '.!?*: rr I*'. rVce ISes. : India and Colocie«. 16s. : Other 
C:»-j"tr"e!K I^;•s. scr.-ct t set, Lunited 

_ Contents. 
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Enamelling on 3Ietal. 

.NAXnS AND £KAMZLLING. Fr Er.a.-e: Makers. 

.^^ -^ - v"-.- -■ J-.: S 'tr :rz V ir. ^'^cvcrycrs of Objects of Art. 
< . V ; . , 7 -i r -... :e^ rr:'r' rrc Ge-r-ar. \V:th Sixteen lllus- 
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Silk Manufacture. 

SILK THROWING AND WASTE SILK SPINNING. 

By HoLLiNS Raynbr. Demy 8vo. 170 pp. 117 Illus. 1903. Price 
58. ; Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 

Contents. 

The Silkworm— Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The 
Preparation of Silk Waste for Degumming— Silk Waste Degumming, Schapping and Dis- 
charging—The Opening and Dressing of Wastes— Silk Waste "Drawing" or "Preparing" 
Machinery — Long Spinning— Short Spinning— Spinning and Finishing Processes— Utilisation 
-of Waste Products — Noil Spinning— Exhaust Noil Spinning. 



Books on Textile and Dyeing 

Subjects. 

THE CHEMICAL TECHNOLOGY OP TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. 1902. Price 10s. 6d. ; 
India and Colonies, lis.; Other Countries, 12s. net. 

Contents. 
The Textile Fibres— Washing, Bleachtngr. Carbonlsinsr— Mordants and Mor- 
4lanting^Dyelng— Printing— Dressing and Finishing. 

POWERLOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-six Diagrams 
In Colours. 150 pp. 1900. Crown 8vo. Price 7s. 6d. ; India and 
Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Power- Loom Weaving in General. Various Systems of Looms— Mounting and 
'Starting the Power- Loom. English Looms— Tappet or Treadle Looms— Dobbies— 
KleneralRemarkson the Numbering, Reeling and Paclcing of Yam— Appendix— Useful 
Hints. Calculating Warps — Weft Calculations— Calculations of Cost Price m Hanks. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) By Julius 
ZiPSER. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. 1901. Price 10s. 6d. ; India and 
Colonies, Us.; Other Countries, 12s.; strictly net. 

Contents. 
PART 1.— The Raw Materials Used in the Textile Industry. 

Mineral Raw Materials. Vbgrtablb Raw Materials. Animal Raw Materials. 
PART II.— The Technolo^ of Spinning or the Conversion of Textile Raw 

Materials into Yam. 

Spinning Vegetable Raw Matkkials. Cotton Spinning — Installation of a Cotton 
Mill — Spinning VVa«te Cotton and Waste Cotton Yams — Flax Spinning — Fine Spinning — Tow 
Spinning — Hemp Spinning — Spinning Hemp Tow String — Jute Spinnmg — Spinning Jute Line 
Yam — Utilising Jute Waste. 

PART III.— Splnnlntr Animal Raw Materials. 

Spinning Carded Woollen Yarn- Finishing Yarn — Worsted Spinning — Finishing Worsted 
Tarn — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manufacture — Spinning 
Shoddy and other Wool Substitutes — Spinning Waste Silk — Chappe Silk — Fine Spinning — 
Index. 
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THE TECHNICAL TESTING OF TABNS AND TE2. 
TILE FABRICS. With Reference to Official Specifica- 

troE*. Tr>r>'-5ted frora :b< G«nnaa of Dr. J. Herzfeld. Sccood 

EJ:t ■?:. S:\ty-c:r-e IlIustraM i:>. SCi? pp. Demy Svo. 1902. Price 
;«.S. *xi. . Ir.ili ard Colc-r-es. II*. : Other Couctrics. 12s. : strictlv nei. 
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Tmist — I>cter»in«fio« of Tottilc Strcafth amd Elasticity — Estiautias tke 
PcrccfltJiCC ^ f^*< te ^ aro— DctcrviaatiMi of Mofatare Cof>di£^.>c-ji£»- 




DECORATIVE AND FANCY TEXTILE FABRICS. 

Bv R. T. Lord. Man- fact u.ne.->s and Dcs-.gners of Carpets, Damask 
Drc» :i r. J a I : Text le F.. brics. *3> • pp. I :«^, Demy Svo. 1 32 Designs 
.:r:d lllusirsiions. Pncc 7s. ^. : India and Colonics. 8s.: Other 
C--r.:r:cs. *»>. r>i. ; s:.«~.ct!y net. 

Contents. 

A Ft* H rt- or. De> ^r r^ Orr-«rr*r:ii: Tc\: Je FaK''>?s — X Few Hints oa Designing Oma- 
mcr.:.! Text U: Fabr c> c-r.: r.-cJ — A F«a Hnt5 .xi IVM:|^.:c);i Omamencal Textile Fabrics 
cor,:r.-eJ — A Ff.* Ht:» ■•r. l>e^%r.rK Orrimersul Tevi:le Fabrics icontinued^ — Hint.'t for 
RiiUrJ-paptr I>raui.^-t*Jtien— Tn< Jac^-j^^ni .Macf.-ne — Brussels and Wilton Carpets — ^Tapestry 
Carpet — Ir^ra.r: Cirpet*— A\.nr:*:er Carpet-i. — Darnask and Tapestrv Fabrics — Scarf Silks 
and R.bV«*— S W Ha-.JVerc-. ef<— Dre» Fabrics— Mantle Cloth*— Figured Ptush— Bed Qutlts 
— C-il.c Pr r.:—.^. 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. KiNZER and K. Walter. Royal S\o. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. 1903. Price 
Ss. 6d. : Colonies. 9s. : Other Countries. 9s. 6d. : strictlv net. 

Contents. 

The \'arious Sarts ot Damask Fabrics— Drill (Ticking. Handloom-madc) — Whole 
Damask for Tablecloths — Damask with Ground- and Connectmg-warp Threads — Furniture 
Damask — Lampus nr Hangings — Church Damasks — The .Manufactare Of Whole Dafliask 

— Dama'sk Arryr.^cment vM'.h and \\ ithout Cri>ss-Sheddmg — The Altered Cone-arran|k^nnent — 
The Pr:r.c pie dt the C-rn*.'- L:f::-ji Cord — The Roller Prr.ciplc — The Combination of the 
JacqjjrJ ■.. :th the ••"-vailed Dumd>k .M.tch nc — The Spoctal I>amask .Machine — The Combma- 
t:on of T-.» '" I \ r.^s. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. Bv Nicolas 

Reiser. Tran.slated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. 1903. Price 5s. ; Colonies, 5s. 6d. : 
Other Countries. 6s. : strictlv net. 

Contents. 

Improperly Chosen Kaw Material or Improper Mixtures— Wrong Treatment of the 
Material in \V.i>hinji. Carbonisation, Dr\ mg. D\eing and Spinning — Improper Spacing of the 
Goods in the Loom — Wrong Placinji of Colours — Wrong Weight or Width of the Goods 

— Breaking of Warp and Weft Threads— Presence of I>oubIes. Singles, Thick. Lo<Me. 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, j.c. Bands and Stripes — Dirty Borders — Defecti\-e Selvedges — 
Holes and Buttons— Rubbed Places — Creases — Spots — Loose and Bad Colours — Badly Uj'ed 
Selvedges— Hard Goods — Brittle Goods — L'ne\en (Joods — Removal of Bands, Stripes, 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating* to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 170 pp. Demy 8vo. 1904. Price 10s. Gd. 
India and Colonies, lis.; Other Countries, 12s.; strictly net. 

Contents. 

Calculating the Raw .Material- Proportion of DiflFerent Grades of Wool to Funiish a 
Mixture at a Given Price— Quantity to Produce a Given Length— Yarn Calculations — Yanfc 
Number— Working Calculations— Calculating the Reed Count— Cost of VV'eaving, etc. 
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WATERPROOFING OP FABRICS. By Dr. S. Mierzinski. 

Crown 8vo. 104 pp. 29 Illus. 1903. Price 5s. ; Colonies, 5s. 6d. ; 
Other Countries, 6s. ; strictly net. 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina — Impregnation of the Fabric — Dr>-ing — Waterproofing with Paraffin — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterpro<» 
Fabrics — Waterproofing with Gelatme, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackie. Crown 8vo. 76 pp. 1904. Price 3s. 6d. ; Colonies, 4s. ; 
Other Countries, 4s. 6d. ; net. 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book — The Order Book 
— Pattern Duplicat*; Books — Management and Oversight— Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

{For ''Textile Soaps'' sn' p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OP CARPET YARNS. Manual 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. 1900. Price 
7s. 6d. ; India and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Structure and Constitution of Wool Fibre — Yarn Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yams — Colour Making for Yam Printing— Colour Printing 
Pastes— Colour Recipes for Yarn Printing — Science of Colour Mixing — Matching of Colours 
— "Hank" Printing — Printing Tapestry Carpet Yarns — Yarn Printing — Steaming Printed 
Yams — Washing of Steamed Yarns — Aniline Colours Suitable for Yam Printing — Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing — Appendix. 

THE SCIENCE OF COLOUR MIXING. A Manual in- 

tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates, 

and Four Plates showinsr Eleven Dyed Specimens of Fabrics. 132 

pp. Demy 8vo. 1900. Price 7s. 6d. ; India and Colonies, 8s. ; Other 
Countries, 8s. 6d. ; strictly net. 

Contents. 

Colour a Sensation: Colours of Illuminated Kodies; Colours of Opaque and Transparent 
Bodies; Surface Colour — Analysis of Light; Spectrum: Homojijeneous Colours; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum: The Spectroscope and 
Its Construction ; Colourists' Use of the Spectroscope — Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
vcnus the Dye and Artist: Colour Mixing by Rotation and Lye Dyemg ; Hue, Purity, 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours— Colour Mixing: Pure 
and Impure Greens, Orange and Violets: Large Variety of Shades from few Colours; Con- 
sideration of the Practical Primaries : Red, Yellow and Blue — Secondar>- Colours ; Nomen- 
clature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
— Tertiar>' Shades ; Broken Hues; Absorption Spectra of Tertiary Shades — Appendix : Four 
Plates with Dyed Specimens Illustrating Text — Index. 

DTERS* MATERIALS : An Introduction to the Examination, 
Evaluatiqn and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Pall Heekman, Ph.D. 
Translated from the German by. A C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. 1901. Price 
5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 
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THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg N'o.n 
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THE DYEING OP COTTON FABRICS: A Practicat 

Handbook for the Dyer and Student. Bv Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d. ; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Structure and Chemistry of the Cotton Fibre — Scouring and Bleaching of Cotton — Dyeing 
Machineiy and Dyeing Manipulations— Principles and Practice of Cotton Dyeing — Direct 
Dyeing; Direct Dyeing followed by Fixation with Metallic Salts: Direct Dyeing followed by 
Fixation with Developers; Direct Dyeing followed by Fixation with Couplers; Dyeing on 
Tannic Mordant; Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres ; Dyeing Cotton by Impregnation with Dye-stuff Solution — D^reing Union (.Mixed Cotton 
and Wool) Fabrics— Dyeing Half Silk (Cotton-Silk, Satin) Fabrics— Operations following 
E>yeing — Washing, Soaping, Drying — Testing of the Colour of Dyed Fabrics — Experimental 
Dyeing and Comparative Dye Testing — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OP WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. 1902. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. net. 

Contents. 

The Wool Fibre — Structure, Composition and Properties — Processes Preparatory to D>'eing 
— Scouring and Bleaching of Wool — Dyeing Machinery and Dyeing Manipulations — Loose 
Wool Dyeing, Yam Dyeing and Piece Dyeing Machinery— The Principles and Practice of 
Wool Dyeing — Properties of Wool Dyeing — Methods of Wool Dyeing — Groups of Dyes — 
Dyeing with the Direct Dyes — Dyeing with Basic Dyes — Dyeing with Acid Dyes — Dyeing 
with Mordant Dyes — Level Dveing— Blacks on Wool — Reds on Wool — Mordanting of Wool — 
Orange Shades on Wool — Yellow Shades on Wool — Green Shades on Wool — Blue Shades on 
Wool — Violet Shades on Wool — Brown Shades on Wool — Mode Colours on Wool — Dyeing 
Union (Mixed Cotton Wool) Fabrics — Dyeing of Gloria — Operations following Dyeing — 
Washing, Soaping, Drying — Experimental Dyeing and Comparative Dye Testing — Testing of 
the Colour of Dyed Fabrics — Index. 



Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailper, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
lUusts. 1901. Price 12s. 6d. ; India and Colonies, 13s. 6d. ; Other 
Countries, 15s.; strictly net. 

Contents. 

General Considerations on Bleachinfi — Steeping— Washing: Its End and Importance — 
Roller Washing Machines — Wash Wheel (Dash Wheel)-;- Stocks or Wash Mill— Squeezing — 
Lye Boiling — Lye Boiling with Milk of Lime — Lve Boiling with Soda Lyes— Description of 
Lye Boiling Keirs — Operations of Lye Boiling— Concentration of Lyes— Mather and Piatt's 
Keir — Description of the Keir— Saturation of the Fabrics — Alkali used in Lye Boiling — 
Examples of Processes — Soap — Action of Soap in Bleaching^^uality and Quantity of Soaps 
to use in the Lye — Soap Lyes or Scalds — Soap Scouring Stocks — Bleachmg on Grass or on 
the Bleaching Green or Lawn— Chemicking — Remarks on Chlorides and their Decolour- 
ising Action — Chemicking Cisterns — Chemicking— Strengths, etc. — Sours— Properties of the 
Acids — Effects Produced by Acids — Souring Cisterns — Dr>-ing — Drying by Steam — Drying 
by Hot Air — Drying by Air — Damages to Fabrics in Bleaching — Yarn Mildew — Fermentation 
— Iron Rust Spots — Spots from Contact with Wood — Spots incurred on the Bleaching Green 
— Damages arising from the Machines — Examples of Methods used in Bleaching— Linen — 
Cotton — The Valuation of Caustic and Carbonated Alkali (Soda) and General Information 
Regarding these liodics— Object of Alkalimetr>' — Titration of Carbonate of Soda — Com- 
parative Table of Different Degrees of Alkalimetrical Strength — Five Problems relative tO' 
Carbonate of Soda— Caustic Soda, its Properties and Uses — Mixtures of Carbonated and 
Caustic Alkali — Note on a Process of Manufacturing Caustic Soda and Mixtures of Caustic 
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and CArbooat«d Alkali (Soda) — Chlorometr>'— Titration— Warners Chlorometric Method— 
PreparatKMi of Standard Solutkms — Apparatus for Chlorine Valuation — Alkali in Excess in 
Deook»un«infE Chlorides — Chlorine and Decolourisinc Chlorides — Synopsis — Chlorine — 
Chloride of Lime — H^-fH^hlorite of Soda — Brochoki's Chlorozone — Various Decolourising 
H>'pochlonte$ — Coropanson of Chloride of Lime and Hypochlorite of Soda — Water — 
Oualtties of Water— Hardness— l>er>aux's Purifier— Testing the Purified Water — Different 
Plant (or PurificatKW — Filter* — RIeaching of Yarn — Weight of Yam — Lye Boiling — 
Chemicking— Washing— Bleaching of Cotton Yam — The Infttallation of a Bleach Works — 
Water Supply — Steam i^>ilcrs — Steam Distribution Pipes — Engines — Keirs — Washing — 
Machines— Sttxrk*— Wash Wheels — Chemicking and Souring Cisterns — Various — Buildings — 
Addenda— Hnerg>- of I Vct^lou rising Chlorides and Bleaching b\' Electricity and Ozone — 
Knergx of DcOL\k>u rising Chk>ridcs— Chlorides — Production of Chlorine and Hypochlorites 
hv KhPCtn^K-sis— Lunge's Prvx^ess for increasing the intensity of the Bleaching Power of 
Chlondc of Lime— Trilfcrs Process for Removing the Excess of Lime or Soda from De- 
cok>urising Chk»ndcs— Bleaching by Ozone. 



Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thorn lev, 

Spinning Master. Bolton Technical SchooL 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d. ; strictly net. 

Contents. 

Syllabus jnd Hxaminution lepers of the City and Guilds of London Institute — Cultiva- 
tion, ClassiHcatKtn, (iinnm){. Balint; and Mixing of the Raw Cotton— Bale-Breakers, Mixing 
Lattices and Hopper Feeders— Opening and Scutching — Carding — Indexes. 

OOTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s.: India and British Colonies, 5s. 6d. ; Other Countries, 6s.; 

strictly net. 

Contents. 

Syllabu>cs and I'vummation Taivrs of the City and Guilds of London Institute — The 
Combing Pr\K'css The Hrawinn Fr.ime- Bobbin and Fly Frames— Mule Spinning — Ring 
Spinning; lionrr.il Indexo. 

COTTON SPINNING (Honours, or Third Year). By Tho.mas 
Thornlf.y. 2Ui pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price Ss. : India .md British Colonies, 5s. 6d. : Other Countries, 6s.: 
strictly net. 

Contents. 

Syllabuses and IX.iminalion P.«}h.m-s of the City and tiuilds of London Institute— Cotton— 
The Practical Manipulation of Cotton Spinning Machinery— Doubling and Winding— Heeling 
— Warpinjj- Production and Costs — Mam Driving— Arrangement of Machinery and Mill 
Planning— Waste and Waste Spinning -Indexes. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning .Master. Technical School. Bolton. Demy 8vo. 117 lUustra- 
tu)ns. 3(K) pp. 1902. Price 7s. (^d. ; India and Colonies, 8s.: Other 
Countries. 8s. (Sd. net. 

Contents. 

The Sliver Lap .Machine and the Ribbon Cap .Machine— (leneral Description of the Heiimann 
Comber— The Cam Shaft— On the Detaching and Attaching Mechanism of the Comber- 
Resetting of Combers— The Hrection of a Heiimann Comber— Stop Motions : Various Calcu- 
lations— Various Notes and Discu.ssions— Cotton Combing .Machines of Continental Make- 
Index. 
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IBECOVERY WORK AFTER PIT FIRES. By Robub 

Lamprecht, Mining Engin.^i^r and Manager. Translated from th 
German. Illustrated by Six large Plates, containing Scventy-si 
Illustrations. 175 pp., demy 8vo. 1901. Price IDs, Gd. ; India an 
Colonies, lis.; Other Countries, 12s.; strictly net. 
Contents. 
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VENTILATION IN MINES. By Robeht Wabner, Mining 

Engineer. Translated from the German. Royal Svo. Thirty Plates 
and Twenty-two Illustrations, 2^0 pp. 1903. Price 10s. 6d. ; India 
and Colonies. lU.; Other Countries. 12s.', striclly net. 
Contents. 
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, HAULAGE AND WINDING APPLIANCES USED IH 
MINES. By Carl Volk. Translated From the German. 

Roya! Svo. With Six Plates and 1-tK lliustrationH. l.'iO pp. 190:i, 
Price Sa. 6d.; Colonies. 9s.; Other Countries, 9s. 6d. ; strictly net. 
Contents. 
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Dental Metallurgy, 

I DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. I90i. 200 pp. Price 7a. fid.; India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net 
Contents. 
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EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. 1903. Price 
10s. 6d. ; India and Colonies, lis.; Other Countries, I2s. ; net. 
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/ffCoeflficient of Transmission oF Heat, k/, and the Mean Temperature Difference, 61m — 

Parallel and Opposite Currents — Apparatus ror Heatings with Direct Fire — The If^jection of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — The Trans* 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
— Evaporation in a Vacuum — The Multiple-effect Evaporator — Multiple-effect Evaporators 
from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water — The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means ror Preventing 
the Loss — Condensers — Heating Liquids by Means of Steam — The Cooling of Liquids — 
The Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure — Index. 

Plumbing, Decorating, Metal 

Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. 1902. Price 7s. 6d. ;, India 
and Colonies, 8s. ; Other Countries, 8s. 6d. ; strictly net. 

Contents. 

Cast Sheet Lead — Milled Sheet Lead — Roof Cesspools — Socket Pipes — Drips — Gutters — 
Gutters (continued) — Breaks — Circular Breaks — Flats — Flats (continued)— Rolls on Plats — 
Roll Ends — Roll Intersections — Seam Rolls — Seam Rolls (continued)— Tack Fixings— Step 
Flashings — Step Flashings (continued) — Secret Gutters — Soakers— Hip and Valley Soakers 
— Dormer Windows — Dormer Windows (continued) — Dormer Tops — Internal Dormers — 
Sl^lights— Hips and Ridging— Hips and Ridging (continued)— Fixings for Hips and Ridging 
— Ornamental Ridging — Ornamental Curb Rolls— Curb Rolls — Cornices — Towers and Finials 
— Towers and Finials (continued) — Towers and Finials (continued)— Domes — Domes (continued) 
— Ornamental Lead Work- Rain Water Heads— Rain Water Heads (continued)— Rain Water 
Heads (continued). 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. 1901. Price 7s. 6d. ; India and Colonies, 8s. ; 
Other Countries, 8s. 6d. ; strictly net. 
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Pipe Bending — Pipe Bending (continued) — Pipe Bendinf^ (continued) — Square Pipe 
Bendmgs— Half -circular Elbows — Curved Bends on Square Pipe — Bossed Bends— Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Scjuare Pipe 
Fixings — Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints— Jomt Fixings 
— Plumbing Irons— Joint Fixings — Use of "Touch" in Soldering — Underhand Joints — Blow^n 
and Copper Bit Joints— Branch Joints— Branch Joints (continued) — Block Joints — Block 
Joints (continued)— Block Fixings — Astragal Joints— Pipe Fixings — Large Branch Joints — 
Large Underhand Joints — Solders — Autogenous Soldering or Lead Burning — Index. 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. 1901, 
Price 2s. 6d. ; Abroad, 3s. ; strictly net. 
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Brewing and Botanical. 

HOPS IN THEIR BOTANICAL. AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 

OF COMMERCE. By Hmmwlhl Gkoss, Professor at 

the Hi^^Jirr Aj^riculi iir;il ColKj»o, Tetschen-Liebwerd. Translated 
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Hvo. I'lki: I'is. fkl. : Iridia .'iiicl Colonics, 13s 8d.: Other Countries, 
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MlSroKY Ol- Tin; HOl' THI-: hop I'L.ANT— introductory— The Roots— The Stem— 
jiml l,fav«'M ■ Innorrm-fncc :ind l*lo\\rr: Inflorescence and Flower of the Male Hop; In- 
florrHC4"ncf sind l'"lowrr of the I'crniilc Hop —The Fruit and its (Glandular Structure: The 
I'Vuit jind Si*ed — l*n»p;i^;ition :ind Selection of the Hop — Varieties of the Hop: («i) Red Hops; 
(/>) (irrcn Hopn ; (< ) Pale (irven Hops-ClaKKilication accordinj; to the Period of Ripeninn: 
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Yellow. Ktimmrr or Stmhrand, ConcH Droppini; Off, Honey Dew, Duma|{e from Wind, Hail 



29 

and Rain ; Vegetable Enemies of the Hop : Animal Enemies of the Hop— Beneficial Insects oa 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Situation : Climate : Soil ; Situation — Selection of Variety and Cuttings — Planting a Hop 
Garden: Drainage: Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year — Work to be Performed Annually in the 
Hop Garden: Working the Ground: Cutting: The Non-cutting Sv-stem; The Proper Per- 
formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Seison for Cutting: Autumn Cutting. Spring 
Cutting; Manuring: Training the Hop Plant: Poled Gardens, Frame Training; Principsii 
Types of Frames : Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant : Picking, 
Drying and Bagging — Principal and Subsidiary Utilisation of Hops and Hop Gardens — Life 
of a Hop Garden : Subsequent Cropping — Cost of Production, Yield and Selling Prices. 

Preservation and Storage — Physical and Chemical Structure of the Hop Cone — Judging 
the Value of Hops. 

Statistics of Production— Tlie Hop Trade— Index. 
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TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpkntier. Royal 8vo. 437 pp. 178 Illustrations. 1902. 
Price r2s. 6d. ; India and Colonies, 13s. 6d. ; Other Countries, 15s.; 
net. 

Contents. 

Physical and Chsmical Properties of Timber— Componition of the Vcf^etable Bodies 
— Chief Klements — M. Fremy's Researches — Elementary Or^jans of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of W(x>d— Description of the Different Kinds of Wood— Principal Essences with 
Caducous Leaves— Coniferous Resinous Trees — Division of the Useful Varieties of Timber 
In the Different Countries of the Qiobe— European Timber— African Timber— Asiatic 
Timber — American Timber— Timber of Oceania — Forests — General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwoodinf; and Rewooding 
— Preservation of Forests — Exploitation of Forests — Damage caused to Forests — DifFerent 
Alterations— The Preservation of Timber— Generalities— Causes and Progress of De- 
terioration — History of Different Proposed Processes — Dessication — SuperKcial Carbonisation 
■of Timber — Processes by Immersion — Generalities as to Antiseptics Employed — If^ection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap — Processes for Making Timber Uninflammable— Applications of Timber — ^Generalities 
— Working Timber — Paving — Timber for Mines — Railway Traverses — Accessorv Products — 
Gums — Works of .M. Fremy — Resins — Barks — Tan — Application of Cork — The Application of 
Wood to Art and Dveing — Different Applications of Wood — Hard Wood— Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. 1902. Fifty 
Illustrations. Price 5s. ; India and Colonies, 5s. 6d. ; Other Countries, 
6s. ; net. 

Contents. 

General Remarks on the Utilisation of Sawdust— Kmployment of Sawdust as Fuel, 
-with and without Simultaneous Recovery of Charcoal and the Products of Distillation — 
Manufacture of Oxalic Acid from Sawdust — Process with Soda Lye : Thorn's Process : 
Bohlig's Process— .Manufacture of Spirit (Ethyl Alcohol) from Wood Waste — Patent Dyes 
<Organic Sulphides, Sulphur Dyes, or .Mercapto Dye8)^Artificial Wood and Plastic Com- 
positions from Sawdust — Production of Artificial \Vood Compositions for Moulded £>e- 
corations — Employment of Sawdust for Blasting Powders and Gunpowders — Employment 
of Sawdust for Briquettes — Employment of Sawdust in the Ceramic Industry and as an 
Addition to Mortar — .Manufacture of Paper Pulp from Wood — Casks — Various Applications 
of Sawdust and Wood Refuse — Calcium Carbide — Manure — Wood .Mosaic Plaques — Bottle 
Stoppers — Parquetry — Fire-lighters — Carborundum — The Production of Wood Wool— Bark — 
Index. 
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THE PREVENTION OF DAMPNESS IN BUILDIMaS; 

w:ih Rtfrarti Jn ihe Cau«4. Nature and Effctis of Saiine. EfBort*. 
oeaccs aod Dn-rcK. fur ArchilCds. Builders. Overseers, l^lustErtn. 
I^UBtcn aad Home Owners. By Auou' VVruiELH Keih. TnniliMd 
Erom (be German of l]>c socihuI revised Edilioo by M. J. Saltek. F I.C, 
FCS. Eight Co4citued Platc& and Thirteen lllostratkins. Crown Svai 
ItSpp. 1903. Price 5s. 1 India and Culonies.Ss.6d. ^ Other CountriM, 
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HANDBOOK OFTECHNICAL TERMS USED IN ARCHI 
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Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 

SWEETMEATS. By A- Haisner. With Twentj-eight 

Illustraiioiis. Transljted from the Gemiiin of (he third enijirgfd 
EdrtioQ. Crown Sio. ^25 pp. 1902. Price 79. 6d. ; India and 
Colonies, 8s. ; Other Counlnes. Da. 6d. ; net 



Contents. 




Paodi ID GcHnl—CaiiipfvniiiE Vfgi . . . ._ _„ ,, ._,,_ 

—1^ PnwvxiiDa o* Pmil— Pmcmlion of Fniit by Stona^Ttw PrcaEostios of Fn 
b¥ DryiH— Dning Fmit by AfifNciil H«t— Rouliiu Fmti— Ihw PmB-vuHW of l^iHI i 
£uar— BbOcdPiwRcil Fruit-Tlii Pmcrvalkn of Pnih In Spirit, Acetic Aci.1 w Olya 
— PmcrvUioa tt Fniil vithouT Boiliftf — Jmm MpBuffCturv — Tha MmwHitmtnarr ai P 
JeUiw— Tbc Miking of Geblinc JtOtt-Tit MinulKtuf* of "Sa 

B.__ ., » —., -tanofactBr* af CudlH-lnimtu 

lire of Boilel Sugar Hid Cinmcl— TtK Ctedrmg 

ifaclun of Sugar SCielu. or Otrity SuiIal^Bontm MHuW 

■ of Dnm*e»— The Mmrhmtry and Appli>ticet iMsil m Cta 

Bonboni— E»cati>l Oib tarj m Cuuly Making— Fn 

I— Rcclpn lor Hurbon .Making— Dnn^t*— Appends— Indcl- 




31 

Dyeing Fancy Goods. 

THE ART OF DYEING AND STAINING MARBLE, 

ARTIFICIAL STONE, BONE, HORN, IVORY AND 

WOOD, AND OF IMITATING ALL SORTS OP 

WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s. ; India and 
Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Mordants and Stains — Natural Dyes — Artificial Pigments — Coal Tar Dyes — Staining 
Marble and Artificial Stone— Dyeing, Bleaching and Imitation of Bone, Horn and Ivory — 
Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts — Jvory — Wood Dyeing— Imitation 
of Mahogany : Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, 
Mahogany, Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear 
Tree — Black Dyeing Processes with Penetrating Colours — Varnishes and Polishes: English 
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for 
Preserving Furniture — Index. 

Lithography, Printing and 

Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. 1903. Price 
5s. ; Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Stones — ^Transfcr Inks — Transfer Papers— Transfer Printing — Litho Press — Press Work — 
Machine Printing — Colour Printing — Substitutes for Lithographic Stones — Tin Plate Printing 
and Decoration — Photo-Lithograpny. 

PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 38. 6d. ; India and Colonies, 4s.; 
Other Countries, 4s. 6d. ; strictly net, post free. 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb. — Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream — Cost of Cards — Quantity Table — Sizes and Weights of Paper, 
Cards, etc. — Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb. — 
Dictionary — Measure for Bookwork — Correcting Proofs, etc. 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbridk. 72 pp. 

Two Plates and 6 Illustrations. Crown 8vo. 1903. Price 28. 6d. ; 
Abroad, 3s. ; strictly net. 

Contents,. 

Its Inception — Wood Bngraving — Metal Engraving — Engraving in England — Etching — 
Mezzotint — Photo-Process Engraving — The Engraver's Task — Appreciative Criticism — 
Index. 

Bookbinding. 

PRACTICAL BOOKBINDING. By Paul Adam. Translated 

from the German. Crown 8vo. 180 pp. 127 Illustrations. 1903. Price 
5s. ; Colonies, 5s. 6d. ; Other Countries, 6s. ; net. 

Contents. 

Materials For Sewing and Pasting ^Materials for Covering the Book — Materials for 
Decorating and Finishing — Tools — General Preparatory Work — Sewing — Forwarding, 
Cutting, Rounding and Backing — Forwarding. Decoration of Edges and Headbanding — 
Boarding— Preparing the Cover— Work with the Blocking Press — Treatment of Sewn Books, 
Fastening in Covers, and Finishing Off — Handtooling and Other Decoration — Account Books 
—School Books, Mounting Maps, Drawings, etc. — Index. 
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